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INTRODUCTION. 



The great practical use of machinery to a com- 
mercial country is bo well known, and its supe- 
riority to animal force so universally acknowiedg'ed 
and felt in every branch of our manufactures, that 
but little apology will be necessary for introducing 
to the man of science and practical artizan, a 
work, the avowed object of which ie, to render 
the uses and general principles of the Steam 
Engine familiar to every class of persons. That 
it has enabled England to support a proud pre- 
eminence, both in arts and political power, is 
equally apparent; and it is a fact much to ba 
deplored, that while some of the least important 
of the arts connected with domestic life, have 
been illustrated and explained by men celebrated 
for scientific research, a description and account 
of the uses of this stupendous machine, have been 
left to the Cyclopaedias and other works of a 
general nature.' 



VI INTRODUCTION. 

The principal object to be attained by the 
employment of the Steam Engine, as well as of 
eveiy other species of machinery, being the re- 
duction of animal labour, it may be advisable, 
before we proceed to the more immediate subject 
of the present work, to compare the various 
species of artificial power that have hitherto been 
employed for that purpose; and by this method 
we may be enabled to calculate with certainty 
BBd precision, on the most economical mode of 
producing a gijien force. To form, however, an 
accurate estimate ^ the saving thus effected, it 
will be necessary to «xamme, though but briefly, 
the amount of animal Ibrce aftd its result as applied 
to machinery. 

From the most accurate observations, it ap- 
pears, that the physical powers of the human race 
differ very widely, not only in various individuals, 
but also in different climates ; the value of a man 
therefore, aa a working machine, will not be so 
great beneath the torrid zone as in the more 
temperate climate of Europe. This will serve to 
illustrate the great advantage which our Colonists, 
pai-ticularly in the West Indies, would derive 
from the more general employment of inanimate 
force ; the day labour of a negro in the sugar 
countries, amounting to little more than one- 
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third of that perfomied by an European me- 
chanic. 

A labourer working ten hours per day, can 
I'aiae in one minute a weight equivalent to 3750 
pounds one foot high, or about sixty cubic feet 
of water in the same time ; while the power of a 
horse working eight hours per day, may be cor- 
rectly averaged at 20,000 pounds. Smeaton 
states, that this animal, by means of pumps, can 
raise two iinndred and fifty hogsheads of water 
ten feet high in an hour. It is a well known fact 
aUo, that men when trained to running, are able 
on the average of seyeral days being taken, to 
outstrip the fleetest horse ; and yet it will be seen 
from the above statement, that his force, if pro- 
perly applied, is at least six times that of the most 
powerful man. 

The use of water as an impelling power, both 
for the turning of machinery and other purposes 
connected with the useful arts, appears to have 
been known at a very early period. Vitruvius 
draeribes a variety of machines for this purpose, 
the earliest of which were employed merely to 
raise a portion of the fluid by which they were 
impelled. The most simple method of applying 
this clement as a mechanical agent, evidently 
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coiHsistied. in the construction of a wheel, the 
periphery of which was composed of a number 
of float-boards. This, on being exposed to the 
action of a running stream, was afterwards em- 

* • • • . * 

ployed to give motion to a variety of mills, and 
is at the present time employed in almost every 
species of machinery. 

Among the most celebrated hydraulic machines, 
we may enumerate the Machine of Marly. This, 
when first constructed, appears to have produced 
one-eighth of the power expended, so that seven- 
eighths of its power were ^usually lost. This mis-^ 
ap{>lied power has been injurious to the ^ engine; 
and the w;ear it has ocodKibned, has reduced the 
medhanical efiect very materially. But this may 
be considered as an extreme case; and we select 
it merely as an instance of that total ignorance ^ 
of the first principles of mechanics, which cha- 
racterized some foreign engineers of the last 
century. 

I 

It may, however, be advisable to examine the 
ratio of power expended • in comparison with that 
of the effect produced in some of the most simple 
hydraulic machines; and by this calculation, the 
amount of friction, &c. may be accurately ascei> 
tained. 
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I Water which is thus unnecessarily dammed up. 



Wind, which we may consider as the next sub- 

titute for animal power, appears to have been 

j^^piqjloyed to give motion to machinery in the 

r the sixth century. The use of this 

Iphanical force, is however principally 

'' Mic grinding of corn, the pressing of 
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seed, and other simple manipulations; the great 
irregularity of this element prectoding its a^licar 
tion to those processes which require a ccmtinued 
motion, 

A \^ndmill mth four sails, measuring seventy 
feet from the extremity of one sail, to that of the 
opposite one> each being six fi^t and a half in 
width, is capable of raising 926 pounds two hun- 
dred and thirty-two feet in a minute; and of work- 
ing on an av&mge eight hours per day. Thi3 is 
equivalent to the work of thirty-lQur ine^ ; tw^ty^ 
five square feet of canv99 perSMrfphlg ^f^ nvernge 
work of a day li^lKHurer* A giiU pf this mtgnitiMte 
86ld<Hn requires the atteotiiHi of mor^ thma two 
mm ; and it will thus beseem that malmg allowr 
anoe for its irregnliurity, wind poeaesses a deddQ4 
superiority over every spee&cs of animal labQur, 

To shew, however^ the great advantage wfaiiA, 
the Steam Engin^evoEi in its rudest state, possesses 
over mere pneumatic or hydraulic machinery, we 
wiU now pyamiae its effective force when em|Joyed 
in the working of pomps. It has been ahneady 
^ted, that the Machine <tf Marly, formerly con* 
sidered the most powerful imgine in the world, 
when first erected lost seven-ei^ths of its power 
finom friction, and other causes; while the over- 
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shot water-wheel which can act only in favourable 
situations, produces nearly eight-tenths of the force 
employed. Now it is stated by Dr. Desaguliers, 
that the atmospheric engine working at Griff- 
mine, nearly a century back, produced full two. 
thirds of effective force for the power employed; 
and this too at a comparatively moderate expense. 
We find, farther, that an hundred- weight of coals 
burned in an engine on the old construction, 
would raise at least twenty thousand cubic feet of 
water twenty-four feet high; an engine with a 
twenty-four inch cylinder doing the work of 
seventy-four horses. From this it will be seen 
that a bushel of coals is equal to two horses, and 
that every inch of the cylinder performs nearly 
the work of a man. 

An engine upon Captain Savery's plan, con- 
structed by Mr. Keir, has been found to raise 
nearly three millions of pounds of water one foot 
high with a single bushel of coals ; while the best 
engine on Newcomen's principle will raise ten 
millions, and Mr. Watt's engine upwards of thirty 
millions of pounds, the same height. If we add to 
the advantage gained by the employment of so 
cheap a prime mover, the vast concentration of 
force thus brought into immediate action, its value 
may easily be appreciated. 
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One of the largest engines yet constructed, iis 
now in action at the United Mine in Cornwall ; it 
raises eighty thousand pounds one hundred feet in 
height per mikiute : and to effect this enormous 
labour^ it only requires about thirty pounds of coal 
for the same period of time. . 

To the mining interests this valuable present of 
Science to the Arts has been peculiarly accept- 
able; as alai-ge portion of our now most produc- 
tive mineral districts must long ere this have been 
abandoned^ had not the Steam Engine been em- 
ployed as an active auxiliary in those stupendous 
works. In the draining of fens and marsh lands this 
machine is in the highest degree valuable ; and in 
England, particularly, it might be: rendered still 
more generally useful. In practice it has been as- 
certained that an engine of six-horse power, will 
drain more than eight thousand acres, raising the 
water six feet in height ; while the cost of erection 
for an engine for this species of work, including 
the pumps, will not exceed seven hundred pounds. 
This is more than ten windmills can perform, at 
an annual expenditure of several hundred pounds; 
while, in the former case, the outgoings will not 
exceed one hundred and fifty pounds per annum. 

To the mariner, also, the Steam Engine offers 
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^advantages of a no less important and novel na- 
ture than those we have already described. By its 
use he is enabled to traverse the waters, both 
against wind and tide, with nearly as much cei-- 
tainty, and, as the machinery is now constructed, 
with much lees danger, than by the most eligible 
road conveyance. 

^^ . In proof of the speed of these vessels, it may be 
Mifficient to state that the passage from or to Lon- 
don and Margate, which is more than eighty 
miles, by water, is often" performed in the short 
space of seven or eight hours! It too frequently, 
however, happens that the faults of any new in- 
vention are unjustly magnified, while its real ad- 
vantages are seldom duly appreciated ; and this 
axiom has been fully verified, in the clamour so 
unjustly raised against the application of the Steam 
Engine to nautical purposes. Accidents are now, 
however, of but rare occurrence ; and it is more 
than probable, that the great improvements that 
have been made in the boiler and safety-valve, 
will effectually secure these parts of the engine 
from a recurrence of those tremendous explosions, 
which unfortunately characterized the first intro- 
duction of Steam Navigation. 

' And, lastly, the political economist must bail 
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with the most heartfelt gratificatioD, the intro- 
dnction of so able and efficient a sobstitate for 
animal labom- as the Steam Engine. It lias been 
caJcolated that there are at least ten thousand ctf 
these machines at this time at woik in Great 
Britain; performing a laboor more than eqnal to 
that €i two hmidred thousand hcHses, whic^h, if fed 
in the ordinary way, would require above one 
million acres of land for subsistence ; and this is 
capable of sup[dying the necessaries <^ life to more 
than fifteen hundred thousand human bdngs. 



{ 
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CHAP, h 

Mature of Steam-^^Applicaiion of it ds a moving powfr 
— Hero — Brancas' — Marquis of Worcester-- Sir Samuel 
Morland-^Papin — Savery — Boaz- — ^ewcofnen — Hulls 
^^Falck^-^montons-^Deslandes-^'Framms^ 

As the whole power of the Steam Engine depends on the 
emplojrment of elastic vapour, produced from water at dif- 
ferent temperatures, varying from 212 ^^^ or the boiling point 
o# Fahrenheit's thermometer, to 300** of the same scale, it 
may be advisable in the first instance to examine some of 
tiie principal phenomena cpnniected with the formation of 
vapour in its most simple form, and its application to the 
steam engine will then be sufficiently obvious. 

Steam is highly rarefied water, the particles of which 
are expanded by the absorption of caloric, or the matter of 

B 
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heat. Water rises in vapour at all temperatures, though 
this is usually supposed to take place only at the 
boiling point : when, however, the evaporation occurs be- 
low 212°, it is confined to the surface of the fluid acted 
upon, but at that heat, steam is formed at the bottom of 
the water, and ascends through it, preventing its elevation 
to a higher temperature, by carrying ofi* the heat in a latent 
form. At the common pressure of the atmosphere, one 
cubic inch of water produces nearly 2000 cubic inches of 
aqueous vapour or steam; but the boiling point, as we have 
already stated, varies very considerably, and the density 
of the vapour produced is materially affected by the atmo- 
spheric pressure. Thus in a vacuum water boils at about 
70 *" , under common pressure, at 212 ° ; and when pressed by 
a column of mercury, five itiches in height, water does not 
boil until it is heated to 217° ; each inch of mercury produc- 
ing by its pressure, a rise of abbut 1 ° in the thermometer. 

According to Dr. Ure*s elaborate experiments, the elastic 
force of this vapour at 212 ° is such, that it is equivalent to 
the pressure of a column of mercury 30 inches in height; 
at 226°. 3, to that of 40 inches ; at 238°. 5, to 50.3 inches; 
at 257°. 5, to 69.8 inches; at 273°. 7, to 91.2 inches; at 
285°. 2, to 112.2 inches; at 312°, to 166 inches; and Mr. 
Woolf has ascertained that at these temperatures, omitting 
the last, a cubic foot of steam will expand to about five, 
ten, twenty, thirty, and forty times its volume respectively ; 
its elastic force, when thus dilated, being in each case equal 
to, the ordinary pressure of the atmosphere. 

The following tables are however the result of direct ex- 
'perimient on the elastic force of steam and its power to sup- 
port a given colunm of mercury, and although there is some 
discrepancy in the results which are thus presented, they 
flinll furnish important data for the future experimentalist. 
The latter table has been furnished by the French Royal 
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Academy, who were requested to report upon the 0(»npa- 
rative degrees of safety between high and low pressure 
steam engines. 
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One pound of Newcastle coal converts about seren 
pounds of boiling water into steam ; and the time required 
to convert a given quantity of boiling water into steam, is 
six times that required to raise it from the freezing to the 
boiling point* 

To shew by direct experiment the great expansive force 
of vapour from water when converted into steam, by the 
application of heat, it will only be necessary to take a glass 
tube, at one end of which is a bulb of two inches in dia^ 
meter, and dropping into it a single spherule of water, the 
diameter of which will scarcely exceed one tenth of an 
inch, or about the eighteen hundredth part of the size of 
the glass bulb, we shall find, that it may very readily be 
expanded by the application of heat, so as to expel the air 
from the vessel. That this is actually the case, may be 
shewn by merely plunging the mouth of the tube into cold 
water, and suffering the steam to return to its original 
state, which being effected by the abstraction of a portion 
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F its artificial heat, the water will rush in from tlie exter- 
nal vessel, and occupy the place of the steam thus con- 
densed, which could uot have taken place had any portion 
of the air remained in the tube or its bulb. 

From these dal6, it will be evident, that when steam is 
merely employed to ditiplace the air in a close vessel, 
and afterwards to produce a vacuum by condensation, 
no more heat is necessary than what will raise the 
water for this purpose to 212° ; but if, on the contrary, 
high-pressure steam is required, a very considerable in- 
crease of heat will he essential ; and of this kind was the 
elastic vapour employed in all the early steam engines 
to which we may now more immediately direct the reader's 
attention. 

Among the numerous competitors for the honour of hav- 
ing first sugs;ested steam as a moving power in mechanics, 
we must certainly place Hero of Alexandria, Brancas, and 
the Marquis of Worcester, in the foremost rank. 

The simple apparatus suggested by Hero about two 
thousand years ago, may be readily understood by refer- 
ence to the annexed figure. 
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F represents a cauldron in which eteam is geoerated by 
the appllratian of a concealed fnraace beneath. The tube 
E and bent arm B are intended to convey the elastic va- 
pour, thus produced, to a revolving ball G, which is con- 
nected by a steam-tight joint at B, Two tubes bent to a 
right angle at A and T), are the only parts open to the 
air ; and as the steam rushes out Ironi these minute aper~ 
tares, the reaction produces a rotatory motion. The 
second of these candidates was an Italian philosopher, of 
considerable eminence,and who, in 1629, published a trea- 
tise entitled, " Le Machine, &c." which contained a descrip- 
tion of an apparatus for the same purpose. 

Brancas's revolving apparatus, as will be seen by refer- 
ence to the following diagram, was still more simple than 
that contrived by Hero. 



A hollow copper, representing the head of a negro, and 
filled with water, was furnished with a small tttbe, and is 
fieeu to give motion to a float-wheel, which is impelled 
by the action of the elastic vapour generated with- 
in. The work in which this engine was first described, 
was published in 1629. It is exceedingly rare, and the 
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H>Te diagjam is accurately copied from an engrarilig; in 
^e possessioD of Major Colby. 

A filig'ht examination of the principle upon which this 
simple apparatus is constructed, will ahuw that no very 
considerable force could have been obtained ; as the steam 
passing throua;h the atmosphere in it^ passage to the 
wheel, must, to a certain extent at least, be converted uilo 
water. 

After the publication of this scheme, which it is proba^ 
hie was never put in practice with any useful effect, nearly 
thirty years elapsed ere the farther consideration of the above 
important subject was resumed by the Marquis of Worces- 
ter. The mode of employing steam recommended by the 
Marquis, and which he describes in his " Century of Inven- 
tions" to have completely carried into effect, was entirely 
different from that of his predecessor ; and it is evident 
that the noble author had received no previous bint of 
Brancas' invention, as he expressly states in another part 
of the above work, " that he desired not to set down any 
other mens' inventions;" and if he had in any case acted 
a them, "to nominate likewise the inventor.*" 



•Thisworkwaa written about the middle of tie seventeenth centuiy, anil, 
tuilderediui a description oftbe united diseoTerieB of one individual, iiccr- 
Inljione of the mnst cxtraordinar; scicntiEu produrtionBwbicli has yet is- 
d from the press in any age or nation. In addition, liowever, to its va!up, 
I containing the first tangible suggestiun foe the emplnyment of strain, 
1 hydraulic and hydrostatic furae, it has uni{ueHtignably Icimied the 
yandation of a large portion of the patent inventions, which make no 
nent a feature in the present day. The praiseworthj labours, bow- 
r, of this indefatig;abie nobleman, shared the fate which usually attends 
on projectors i and it was left to the slow though certain march of sci- 
entific improvemenl, to award ti» his memory a posthomons praise. The 
Harqnis also published a work, entitled, " An exact and true Definition 
of the most stupendous Water-commanding Engine, in rented by the Right 
Honourable (and deservedly to be praised and admired) Edward Somerset, 
Lord Marquis of Worcester, and by his Lordphip himself presented to 
^B lli* most excellciit Majesly Charles the Second, our miNt gracioua Sore- 



8 HlFttORICAL ACCOUNt 

It is said that the MarquLs, while confined in the Tower 
of London, was preparing some food on the fire oif hisr 
apartment, and the cover having been closely fitted, was, 
by the expansion of the steam, suddenly forced off and 
driven up the chimney. This circumstance attracting his 
attention, led him to a train of thought, which terminated 
in this important discovery. But no figure has been pre- 
served of his invention ; nor, as we have good reason to 
suppose, any description of the machine he employed, ex- 
cept the sixty-eighth article in the above-mentioned work. 
We shall content/ ourselves, therefore, with extracting 
that article from the noble author's MS. preserved in the 
British Museum. 

" An admirable and most forcible way to drive up water 
by fire ; not by drawing or sucking it upwards, for that 
must be as the philosophers call it, infra sphteram acttm^ 
taiiSf which is but at such a distance. But this way hi^ 
ho boundary, if the vessels be strong enough ; for I have 
taken a piece of a whole cannon, whereof the end was 
burst, and filled it three quarters fall of water, stopping 
and screwing up the broken end, as also the touch-hole ; 
and making a constant fire under it, within twenty-four 
hours it burst, and made a great crack; so that having 
found a way to make my vessels, so that they are strength- 
ened by the force within them, and the one to fill after the 
other, I have seen the water run like a constant fountam 
stream, forty feet high ; one vessel of water, rarefied by 
fire, driveth up forty of cold water. And a man that tends 
the work is but to turn two cocks, that one vessel of water 
being consumed, another begins to force and refill with 

reign." This was published in a small quarto volume of only twenty- 
two pages, and consists of little more than an enumeration of the won- 
derful properties of the above engine ; and it is certain that he never 
published any key to the first hint furnished in the CefUury of Inveniions. 
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4iold water, and so auccessiyely, the fire being tended and 
'kept constant, whicli the self-same person may likewise 
abundantly perform in the interim, between the necessity 
of turning the said cocks." Vide Harleian MSS. No. 2428. 
In 1683, a scheme for raising water by the agency of 
sam was offered to the notice of Louis XIV. by an inge- 
nious English mechanic, of the name of Morland. He was 
presented to the French monarch in 1682, and in the course 
of the following year his apparatus is said to have been 
actually exhibited at St. Germain's.* The only notice of 
this plan occurs in the collection of MSS. to which we 
have already alluded, and forms the latter part of a very 
beautiful volume, containing about thirty-eight pages, and 
entitled " Slevation dea Eaux, par toute sorte de Mdchines, 
riduUe a la mAsure, au poids, et a la balance. Preaentke 
a sa Majesty trea Chr4tienne, par le Clievalier Morlartd, 
genlilhomme ordinaire de la ckambre privee, et maiatTe des 
iSchottiques du Roy de la Grande Britaigne, 16S3." 



Sir Samael Morland was the son of a baronet of the same name, nxe- 
ated bj King Charles II. for his zealous services performed daring the 
King's exile. The eon was made JUagisler Mechanicorum by the King in. 
1681, and was justij cclebrntcil at that period for a number of very in- 
fcmioua inventions, among which we may enumerate the drum capstan for 
^wghing anchois, the speaking trumpet, and fire engine. The cetebratcd 
John Evelyn gives the Aillowing account of a visit paid to him at a very 
&te.periodorhislife:— 

The Abp. and myselfe went to nammersmitii, to visile Sir Sam. Ittor- 
ijIfUld, who was entirely blind, a very nuirtifying sigbt. He shewed as his 
of writing, which was very ingenious, also his wooden Calender, 
lich instmctcd him all by feeling, and other pretty and useful inven- 
tions of mills, pumps, &C. and the pump he had erected that serves water 
to his garden and to passengicrs, with an inscription, and brings from a 
filthy part of the Thames ncere it a most perfect and ]>tuc water. He had 
Bewly buried SOOt worth of music books six feet uhiIit ijrnund, being, as 
he said, love songs and vaility. He plays himself psalms and reilgions 
hymns on the Tlteorbe." Diary, Oct. 25th, 1695. 

About the year 1684, Sir Samuel purchased a house at ITammersmilh, 
and it appears from the regi.'ter or that parish, he wushuriedJan. (Hh, 1090. 
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The MS. is written upcm rellum, richly illuminated, md 
the part which has reference to the steam engine occupies 
only four pages, commencing with a separate title, &c. It 
liB also accompanied by a table of the sizes of cylinders, 
and the amount of water to be raised by a given force of 
steanu This curious memoir forms an important link. in 
the chain of historical evidence, which tends to prove that 
the English, though not the actual inventors of the steam 
eng^e, were unquestionably the first to apply its stu- 
pendous powers to any useful prstctic^l purpose ;' we shall, 
therefore, offer no Bpologj for presenting it entire to the 
notice of the reader. 

^ lje$ Pfincipes de la nouvelle Force du Feu : ii^vetUie 
par le Chevalier Morland^ Van. 1682, et presentee a sen 
Majesti tres Chritienne, 1683. 

'* L'eau etant evapor^e par la force de feu, ces vapeurs 
d^nandent incontinent un^ plus grand*espace [environ deux 
mille fois] que I'eau n'occupoit auparavant, et plus lost 
que d'etre toujours emprisonn^es, feroient crever une piece 
de canon. Mais etant bien gouvem^es selon les r^les de 
la statique et par science r^duites la ro^sure, au poids et a 
la balance, alors elles portent paisibilement leurs fardeanx, 
£comme des bons chevaux,] et ainsi servoient elles du 
gjand usage au gendre humain, particulierement pour 
Pelevation des eaux, selon la table suivante, qui marque 
les nombres des livres qui pourront etre levies 1800 fois 
par heure, a six pouces de lou^e, par* de cylindres a moiti^ 
remplies d'eau, aussi bien que les divers diametres et pro- 
fondeurs des dits cylindres."* 



• The principles of the new Power of Fire ; invented by the Chev. Mor- 

land in the year 1682> and presented to his most Christian Majesty, 1683. 

Water being evaporated by the power of fire, the vapour shortly acquires 
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Table ^ the Diameier and Length of Steam CyKndere; 
with the dumber (ff Pounds Weight to be raised. 



CYLINDERS. 


Livres du poids, pour 6tre leves. 


Diam. en pieds. 


Prof, en pieds. 


1 


2 


15 


2 


4 


120 


3 


6 


405 


4 


8 


960 


5 


10 


1875 


6 


12 


3240 


Nombres des Cylindres, qui ont 

pour diametre 6 pieds, et 12 

pieds de profondeur. 


t 


1 


3240 


2 


6480 


3 


9720 


4 


12960 


5 


16200 


6 


19440 


7 


22680 


8 


25920 


9 


29160 .. 


10 


32400 


20 


64800 


30 


97200 


40 


129600 


50 


162000 


60 


194400 


70 


226800 


80 


259200 


90 


291600 



In 1695, Papiiiy then resident at Cassel, published a 
work, describing a variety of methods for raising water, in 

a greater space (near two thousand times) than the water occupied 
before ; and was it to be always confined, would burst a piece of cannon. 
But being well-regulated according to the laws of gprayity, and reduced 
by science to measure, to the weights and balance, then they c»rry 
their burdens peaceably, (like good horses,) and thus become of great 
use to mankind, particularly for the eleyation of water, according to the 
following table, which marks the number of pounds that may be raised 
1800 times per hour, by cylinders half full of water, as well as the different 
diameters and depths of the said cylinders. 
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which he enumerates the above invention. Being unable 
to procure this tract, we insert the following translation of 
that part which relates to the steam engine. It occurs in 
the Transactions of the Royal Society, for 1697. After 
alluding to the inconvenience of forming a vacuum by 
means of gunpowder, which was one of his early propo- 
sitions, he recommends ^^ the alternately turning a small 
surface of water into vapour, by fire applied to the bottom 
of the cylinder that contains it, which vapour forces up the 
plug in the cylinder to a considerable height, and which 
(as the vapour condenses, as the water cools when taken 
from the fire) descends again by the air's pressure, and is 
applied to raise the water out of the mine." 

In 1698, Captain Savery obtained a patent for a new 
mode of raising water, and communicating motion to a 
variety of machines by the force of steam; and in the fol- 
lowing year a working model of the above engine, was 
submitted to the Royal Society, who then held their sit- 
tings in Arundel House.* Savery's engine was em- 
ployed to raise water to a given height by the pressure of 
the atmosphere, and then to force the fluid up the remain- 
ing elevation, by the power of steam acting on the surface. 
The engine suggested by Savery, for the purpose of 
raising water, consisted of a boiler o, furnished with a 
safety-valve m. The steam vessel s was connected with 
the well c by a suction-pipe A, and when water was to be 
raised, the vessel s was filled with steam, which, rushing 
in^ soon expelled the air. When that was completely 



* The follpwing notice of this machine is inserted in their Transactions 
for that year. 

*< Mr. Savery, June 14> J 699, entertained the Royal Society, with shew- 
ing a small mo4el of his engine for raising water by the help of fire, which 
he set to work before them. The experiment succeeded according to ex- 
pectation, and to their satisfaction.'' 
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|\<!ffecte<1, the corninunicatioii with the boiler was closed 
|by the handle, and the steam condensed by the intro> 
jdnction of water at e. i. which, diniinishing- its bulk, 




iron 

Kfein 
■ last 



^rnied a vacnoiiB space within the vessel ; the pressnre of 
tte atmosphere then operating upon the surface of tlie 
water at c, drove it up the pipe. In this form of the appa* 
ratnfl, the inventor was seldom able to raise water more 
than thirty feet ; and when a greater altitude was required, 
it was effected by the impellent force of the steam. This 
accomplished by the ascending pipe ad, which was 

tmetimes carried sixty feet higher than the steam vessel g. 
condensing the st«am, and filling the vessel » with 

iter, a new supply of steam was then introduced, which 
^nressing on the surface of the water, drove it up the pipe 
rf; and it will lie evident that the pressure on the internal 
surface of the boiler must be proportioned to the height of 
the column of water thus raised by the steam. 

The principal objection to this form of the engine arises 
from the great consumption of fuel, — a considerable por- 
of tbe calorie employed in the generation of the steam 

ling absorbed in heating the new surface of cold water 
last raised from the well ; and where great heights are re- 
quired, there appears no mode of completely obviating this 
objection. Should it, however, be required merely to raise 
Water about thirty feet, there are few contrivances more 
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economical, or better adapted for general use. While 
speakins^ of Savery's apparatiie,. it may be advisable to 
notice the very ingenious adoption of the same principle to 
the construction of a gas enjg^ine by Mr. Brown. In the 
latter case a vacuum is formed by the introduction uf an 
inflamed jet of carburetted hydrogen gas, which consumes 
the oxygen, and rarefies the nitrc^n by the increase of 
temperature which ensues. The vacuum thus produced is 
much more perfect than would at first view have been sup- 
posed, from the nature of the process resorted to by the 
patentee ; but the economy of employing hydrogen gas, as 
a substitute for condensable vapour, is still somewhat 
problematic. 

In the engines constructed imder the authority of Sa- 
very's patent, it was necessary for a labourer to be in con- 
stant attendance for the purpose of turning the cocks, 
which alternately admitted the steam and condensing water. 
M. deAIoura however effected a considerable improvement 
in this part of the engine, by constructing a self-acting 
apparatus for this purpose. 

From the above facts it will be seen, that Savery's engine 
was not adapted either for the supply of towns or the drain- 
ing of mines, (two of the patentee's principal objects,) the 
latter of which were often of considerable depth ; but a 
number of small ones were erected for the raising of water 
in gentlemen's pleasure grounds, in different parts of Eng- 
land, Dr. Desagutiers tells us that he made seven of these 
engines : the first was for the Czar, Peter the Great, for 
his garden at Petersburgh, where it was set up. The boiler 
was made spherical, and held between five and six bogs- 
beads. The receiver held one h<^head, and was filled 
and emptied four times in a minute. The water was drawni 
up by suction, or the pressure of the atmosphere, twenty- 
uine feet high out of the well, and then pressed up eleven 



OP THE STEAM ENGINE. 



15 



¥ 



it higher. The pipes were all of copper, but soldered 
the suctioD piece with soft solder, which held very well 
>T that height. Had, however, the amount of pre&sure 
'.n greater, it must have burst the metal, and produced 
le most mischievous effects. 

It was soon found that the mode of producing^ a vacuum 
these engines was liable to the most serious objections, 
l^ot the least of which was the unnecessary waste of steam ; 
auiI an improvement on the original construction was 
shortly effected, which, although not capable of completely 
correcting this defect, produced a considerable saving in 
the amount of fuel employed. 

It has been already stated, that Savery's first mode of 
indentation consisted in throwing a quantity of cold water 
the outside of the steam vessel employed to form a 
uum in the pipes ; and on the re-admission of steam it 
as found necessary to restore the heat previously absorbed. 
To prevent this, a small jet was inserted, which piking 
against the steam, converted it into water without sensibly 
lowering the temperature of the vessel. When the repel- 
lent force of steam was employed in this engine, the waste 
of fuel was still more considerable ; great part of the steam 
being condensed upon coining in contact with the surface 
'j^the water, so that it could not he brought into action till 
large portion of the cold fluid was raised to the boiling 
point. As a further improvement on this engine, Papin 
introduced a moveable disk or float, which was interposed 
between the water and steam, and, by being pressed upon 
the former, forced it up the connecting pipe without the 
coming into actual contact with the water. 
An ingenious combination of Savery's and Papin's appa- 
•us was proposed in 1805, by Mr. James Boaz of Glas- 
by which water can be raised without condensing the 
a,,iB the steam cylinder, t, the pipe from the boiler, 



H 



JC HIST<MIICAL ACCOfJfn 

iMring^ a Btop-cock; i,a waste ateam cock; cafloating 
piaton attacbed to a pistoD-rod; e a pipe whkh geaera\Jj 




cratains hot water. A water pipe^ haTin^ a valve at ^ is 
immersed in the well, and delivers the watn into the reser^ 
voir, through a valve z. The air which accumulates in 
the receiver escapes at a ; tf , is the rarilying or exhausting 
vessel. 
Hie whole being filled with mercury and wat^, shut the 
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^-valrp fc, and open i ; (lie steam from the huilrr will rush 

into tbe receiver, and after heating the water, it presses on 

its surface, forcing the mercury up into the exhausting 

.vessel d, where it acts as is shewn in tbe engraving. 

water above c, and in the pipes e,f', will be forced 

into the cistern v, in a qnantity nearly equal to 

the space occupied by the steam in the receiver. When 

the piston has been depressed as far as is necessary for its 

stroke, the self-acting mechanism attached to its rod, shuts 

i, and opens A; and the mercury now being at liberty to 

act by its gravity, descends from the exhausting pipe, and 

ji^es the piston to its first position ; and the steam which 

it downwards being allowed to dow into the atmos- 

(here, the fall of the mercury from d, into a, leaves a va- 

lum in d, into which the water from the well is pressed 

»y tbe atmosphere, and again fills it. The valve at ff, pre- 

ats its return to the well in the operation of forcing ; 

and the valve z, prevents its fall from the cistern wfaen lite 

vacuum is made in d, 

Newcomen, who is generally considered as the inventor 
of the atmospheric engine, appears to have been an iron- 
monger, resident at Dartmouth, in Devonshire ; and that 
he was a man of considerable practical ingenuity, is suffi- 
ciently evident from bis arrangement of the engine sug- 
gested by Dr. Papin. 

Savery's engine having failed, from the causes we have 
(ready stated, the mines were nearly all at a stand for 
t of some cheap and elficient machine for the purpose 
of clearing the more distant workings. About this period 
Newcomen, having associated himaetf with John Cawley, a 
native of the same town, proposed to erect engines capable 
of supplying thii« desideratum; and taking the exhausted 
cylinder of Otto Giiericke for a model, applied Papin'a 
[jnode of producing a vacuum to the above machine. 
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A rerj simple, and at the same tune, ingieiiioiM mode of 
flhigtratiiig the operations of an atmo^herio steaiik engine, 
will be found in the annexed apparatus, ^nployed by Pro- 
feasor Brande^ in his lectures at the London Institution. 




The glass tube and bulb b is shewn with its piston t; 
the rod. being hollow and. closed by a scsew o. If steam 
be generated by the q>irit lamp <2, die air will speedily be 
expelled ; and after this is effected, the screw c may be 
closed, and a working stroke produced by artificial con« 
densation. 

To imderstand the action of this machine, we must oon« 
oeive a hollow tube or cylinder, furnished with a piston, 
made to fit air-tight, and indeed in all 'regf>ects similar to 
a comni'on syringe. At the bottom of this are several aper- 
tures : one to communicate with Ae steam bmler, and fur- 
nished with a cock to open and shut the commwoication at 
pleasure; another for the admission of bold water; and a 
third to carry off the condensed steam and ejection watw. 
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P small lateral aperture is also formed with a raire to 
■ the escape of the air, or permanently elastic gas, 

4iich will not condense by the application of cold water: 

bis last is called the snifiing clack. 
1' If the piston be now raised to the top of the cylinder, 

Hid steam admitted, the air will be ejected by the sniftins; 
clack. The steam is then cut off, and the cold water al- 
lowed to enter, which condensing, the steam forms a vacuum 
beneath the piston, which is pressed down with a force 
proportionate to its diameter. 

In a working; engine for the drainingof mines, the piston 
rod is attached by a chain to the end of a long lever, work- 
ing on a fulcrum at the opposite end of which are sus- 
pended the rods of the pumps intended to raise the water : 
the weight of these rods exceeds the weight of the piston 
so much as to draw it up to the top of the cylinder, and 
the machine is thus ready for the admission of steam, and 
the production of an entire stroke. A graphic illustration 
of this engine is given in the descriptive part of our work. 
The first really effective engine on this construction ap- 
pears from a MS, to which we have already referred, to 
have been erected at Wolverhampton, near the half mile- 
stone leading from Walsingham to that town. 

In I71S, the patentees agreed io erect an engine for the 
owners of a colliery, in the county of Durham, where seve- 
ral hundred horses were employed. Mr. Henry Beighton, 
who was engaged as an agent in this concern, not approv- 
ing of the intricate manner of opening and shutting the 
cocks, for the admission of steam, water, &c, which were 
then moved by strings and catches, invented by a boy of 
the name of Potter, employed a hanging bar attached to 
e great working beam for that purpose. 

'The double-acting steam engine doeti not differ very 

wterially from those we have already described. It was 
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first suggested by' Dr. Falck, who published an account of 
his invention in 1779. The chief improvement which he 
introduced was the use of two cylinders, into which the 
steam was alternately admitted by a common* r^^lator, open- 
ing the communication with the steam to one, whilst it shut 
up the opening of the other. The piston rods were kept (by 
means of a wheel fixed to an arbor) in a continual ascend- 
ing and descending motion, in the same manner as the rods 
of a common air*^ ump, while the nut, acting in the upright 
racks, was made to work the pumps, which were thus kept 
in constant action. 

. -From this it will be seen, that in a double-cylinder en- 
gine, where two cranks are used, the fly-wheel, which is 
usually employed as a mags^ine of power, may be entirely 
dispensed with ; which, in the reciprocatii^ engine, is an 
advants^e of considerable importance, as die whole power 
of the engine must, in certain positions of the crank, depend 
upon Ihe action of the fly-wheel. 

The fire wheel of M. Amontons, and the steam wheel of 
bis countrjonan Deslandes, were very ingenious, though 
both of them much too intricate for general use. The first 
of these inventions consisted of a number of buckets placed 
in the circumference of a wheel, and communicating with 
each other by very intricate' circuitous passages. One part 
of this circumference was exposed to the heat of a furnace, 
and another to a cistern of cold water. The con^unica- 
tions were so disposed, that the steam produced in the 
buckets on one side of the wheel, drove the water into 
buckets on the other side, so that one side of the wheel was 
always heavier than the other, and this constant addition, 
of weight produced a rotatory motion. 

Various attempts have been made at diflerent periods to 
employ the steam engine in the draining of land. M. Fran- 
9oi& was, we believe, the first who suggested its practical 
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application to this purpose. He proposed to employ ati 
engine on Savery's plan, and added machinery to open and 
shut the cocks. Two or three lar^e engines have been 
constructed in this country, which have since been em- 
ployed in Holland with the most beneficial effects; and 
there is no doubt but that their value, when duly appre- 
ciated, will be sufficiently obvious. This is more particu- 
larly the case in those tracts of low and swampy ground, 
whose outfall lies at a considerable distance, and which 
has previously to pass through ground of a higher level. 
In some -instances it has been found necessary to cut drains 
or rather trenches of from ten to twenty feet in depth, and 
this too for several miles in length. 

The late Mr. Savory, of Dowuham, who gave consider- 
able attention to this branch of ciril engineering, states the 
€X)st of an engine of twenty-horse power fitted up for this 
purpose at fifleeB hundred poimds, and that this will do as 
much work as a mill with a forty-feet sail, when in full 
velocity. The advantages that may be derived from the 
use of steam in the fens or marsh - country, appears, from 
the same authority, to be of the 6r»t importance. In case 
of intense frost, the uniform velocity, with the opportunities 
of communicating heat, would prevent the engine from 
freezing, to which, from the uncertainty of winds, the other 
engines are very much subject. The consequence is, that 
*B great fall of snow coining at the same time that the mills 
lave not been in a state to prepare the ditches to receive 
'die overplus nater which it occasions, an inundiition gen^ 
rally takes place in the fens ; and, as the waters rise very 
rapidly under these circumstances after a thaw, it fre- 
quently occurs, that when the mills are set at liberty from 
the effects of ice, they are for some days incapable of suc- 
cessfully opposing the accumulation of water. On the 
other hand, by adopting the means of steam, the engines 
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would be working* in full effect during the continuance of 
a frost, and the ditches being kept ptoportidnably Icyw, 
would at all times be capable of discharging the water, 
and thus prerent inundation. 



IMPROVEMENTS 



MR. WATT, AND OTHERS, 

DOWN TO THE PRESENT TIME. 



CHAP. II. 

Soullon and Watt — Carttrriffkt — Smeaton — H<*rn blower 
—High-pressuTe Engine — Woolf's Improvementg — Ro- 

" tatory Engines — Kentpel — Sadler — Cooke — Bell-crank 
Engine — Employment of the Steam Engine in North 
America, and the Colonies — Locomotive Engines, 

In the engine usually ascribed to Newcomen, the steam 
was not employed as an impelling power, but was used for 
producing a vacuum beneath the piston, which was after- 
wards forced down by the pressure of the atraoi^phere ; and 
it was left to the masterly and towering genius of an 
othenvise obscure mechanic, to <|iiadruple the force of this 
stupendous machine, and thus by one step, perfect the 
labours «f tJie preceding century. 

Mr. Watt's attention was first drawn to this subject, by 
the examination of a small model of an atmospheric engine 
belonging to the University of Glasgow, which he had un- 
dtftaken' to repair. In die^course of bis experiments with 
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process continues till the wliole of tlie steam is drawn from 
the tube. A vacuum being thuK formed, the pressure of 
the atmosphere will preponderate, and the piston-rod be 
depressed to the bottom of the tube. On closing the stop- 
cock f, a new portion of steam may be admitted by the , 
other pipe, and after raising the piston the process of con- 
densation may be readily repeated. 

The only objection that offered itself to this admirable 
mode of condensation, arose from the difficulty experienced 
in getting rid of the water and air that remained in the 
condensuig vessel. When steam was generated from water 
that had been freed from air by long boiling, a consider- 
able advantage was obtained; and it was found that a 
power nearly equal to the entire pressure of the atmosphere 
was produced. The great advantage thus obtained will 
be sufficiently obvious, when it is known that, in the en- 
gines previously constructed, the elasticity of the steam 
arising from the heated injection water remaining at the 
bottom of the cylinder, was equal to one-eighth of the at- 
mospherical pressure, and consequently destroyed an equal 
proportion of the power of the engine, 
' The mode of condensing the steam, by the appUcatton 
of cold water to the outside of the condenser, was aoon 
found inconvenient from the great size and expense at- 
' tendant on the use of this apparatus; and Mr. Watt intro- 
duced an internal jet of cold water, which, striking against 
, the steam, instantaneously reduced it to its original bulk, 
I and thus formed a vacuum. To draw ofT the condensing 
I water, as well as to get rid of the air that was extricated 
during condensation, he found it necessary to employ a 
amall pump, worked by the engine, the size of which was 
pxiportiooed to the amount of air and water generated in 
I the condenser. In one of the early engines upon this con- 
Biruction, erected at Bedworth, three air-pumps were used ; 
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two below, worked by chains connectetl with the beam, 
and a thh-d, placed above, which received the hot water 
raised by the others. In tbe eng;ine8 now constrncted, oidy 
one air-pump is employed, and this fully answers the in- 
tended purpose," 

Another improvement iutroduced by Mr. Watt, consisted 
in surrounding the upper part of the cylinder with a cap, 
through a hole in the centre of which the piston-rod work- 
ed air-tight. The force of steam was then substituted for 
that of the atmosphere, and at a pressure of more than fif- 
teen pounds on the inch; so that when a vacuum was 
fonned beneath the piston, steam of considerable impel- 
lent force was entering the upper end of the cylinder, by 
means of a pipe connected with the boiler. 

By thus substituting the force of highly elastic vapour, 
the ordinary pressure of the atmosphere, the upper and 



> The steum engine, as first proposed by Mr. WiitC, therefore iwnsUted nf 
the boiler and Btcam cylindor in nearly tlie sime form as used bj Newco- 
mea and Beighinn, as berore described, except that the cylinder was coated 
with wind to keep it hot ; and in lieu of the smiting valve and eduction 
pipe, fnr the escape of the air and condensed water, and the injection 
pipe, to throw cold water into the cyliniUr, be usttd ui air-pump working 
into Ihe LMndenser, which was connected by a, pipe to the lower part of the 
cylinder, and placed in a cistern of cold water, which was constantly le- 
plonishcd by a cuminun pump, drawing water trom the nearest well or 
spring, and delivering it iaio the cistern in which the condenser was 
placed 1 while the surplus water escaped and ran to waste by an outlet 
in the npper part of the cistern, because the heated water being light- 
VI than the cold, and less Gt for producing condensation, would naturally 
rise to the top. Tbe water drawn &om the condenser by the air-pump 
was likewise carried away by a drain ; because being in a warm state it 
was uniit to be used again for condensing, but a part of it was thrown 
back into the boiler bya small forcing-pump, in order to supply the waste 
from evaporatioD. All these several pumps were worked by the beam of 
the engine; and instead of the cocks or sliders that had before been 
used, new and mare perfect valves were adopted foi admitting steam, and 
shutting off the communication with the eondcnser at proper intervals, all 
if which were opened from the motion of the beam by the plug-tree and 
r introduced by Hr. Beighlon. 
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under sides of the piston were preserved at the same teni' 
perature, and the supply of steam being r^olated by th< 
width of the i^rture, any g^iren amount of fcnrce migh 
readily be produced. In the atmospheric engine thi 
conid not be effected, as the whole pressmne of the atmo 
sphere was made to act on the piston, the instant the va 
cunm was formed by the condensation of the vapour be 
neath ; so that in the event of a pump-rod breaking, b^ 
which the elevation of the water m^^t be impeded, anc 
the labour of the engine taken off, the rapid descent of thi 
piston would evidently cause the destruction of die entin 
apparatus. 

Soon after the completion of his first model, Mr. Wat 
erected an engine for his frioid Dr. Roebuck isif KmneO 
near Borrowstownness, with whom he was afterwards afr 
sociated in the manufacture of his improved engine: thi 
latto* gentleman, however, in 1774, diiqpoeed of his share oi 
the business to Mr. Boulton, of Sdio.* 



* From this mineryof iiqpeiimtj has originated some oi the noblest tnc 
Most striking dhQ^^«Mwrofnieelianicml art jet witnessed. Tbe following 
aceonnt of this celebrated mannfaetoiy is from the pen of Dr. I>arwin 
It was written in 1768, and when the manufactory, although ** big witli 
promise," was little more tiian a type of its present magnitude. 

** Soho is the name of a hill in the coantj of Stafibrd, about two miln 
fiom Birmingham, which a rery lew years ago was a barren headi, on the 
bleak summit <tf whidi stood a naked hut, the habitation of a warrenaer. 

** The truMfofmation ui this place is a recent monuaenft of the cCwti 
of trade on population. A bcantiM garden, witib wood, lawn, and watei 
now eofers one side of this hiU; fire qmcious squares (^ building, erected 
en the otiier ride, sup^y wofkahc^ or houses lor about six hundred peo- 
ple. The extensive pool at the iqpfproaeh to tiiis building, is cofUTeyed tfl 
a large water-wheel in one ai tiie courts, and communioales motion to * 
piejigieus mimber ui diflerent tools. The mechanical iuTentions for thii 
puipoee are euperior in multitude, Yaiie^, and simplicity, to thoae of anj 
■wnulbeleiy in the known worid. 
. ** Tdys and. uiniefls of variouB kinds, in gold, silver, steel, copper, tor 
teJM 'i Jw i lt **•*— K and many ritreous and metallic compoailioBS, with 



^^.We have already stated, tlial Dr. Falck described an 
^nj^ine with two cyliaders as early as 1779, whi<rh he call- 
^Rd a double acting engine; but similar advantages were 
ohtataed by Mr. Watt in an engine with a single cylinder. 
To effect this, he applied the power of the steam to press 
the pi»:ton npwards as well as downwards, by fonning the 
vaeiium alternately above and beh)w the cylinder. When 
it became necessary to connect the piston and beam for an 
npward, as ifell as for a downward stroke, a double chain 
acting Oil an arch head was substituted for the single one 
previously employed ; and this was speedily superseded by 
a rod connected with the working beam, by means of a 
parallel motion. 

The Expansion Engine was also invented by Mr. Watt, 
and though not generally employed until 1778, appears 
from a letter written by him to a gentleman of Birming- 
ham, to have suggested itself as early as 17fi9. The prin- 
ciple of this invention consists in shutting off the farther 
entrance of steam from the boiler when the piston has been 
pressed down in the cylinder, for a certain proportion of 
its total descent, leaving the remainder to be accomplish- 
ed by the expansive force of that steam already intro- 
v duced. 

H^ To regulate the time of closing lliis valve, and as such 

^^tie precise amount of steam admitted, Mr. Watt employs a 

plug-frame with moveable piiis, which may be placed in 

such a manner that the sleam-valve wdl shut when the 



gililed, pl&ted, and inlaid works, ure iVTaught up to the highest elegancR 
of Vale, and pcrfcution of execution in this place. 

" Mt. Boulton, wtiD has cstiiblished this great work, bos joined tiute BJid 
llhiiosnpbj with msnufacture and commcree; and from the varioua 
bniacheE of ubemistry, and the numerous mediuiie arts he employs, and 
bin extensive eorrespuudeni'e to eveij i-oruer of the world, is furnished 
wi th Qie highest entertainment, as weU as the most lucrative cmphij- 
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pkton htm desoeiided oneJialf, one^irJI, one-fiHttdi; <^ al* 
mj other pfopoftiun. By tiie spplimtkiD of Anf prhMapkr 
die piston k made to descend with an nnifenn vdochy, the 
prawnre on die piston continaally dhninWiing' al the 
iteam becomes more and more rare, and the acoekratiiig 
force which works the engine is oonseqocnfly diminished* 

The advantages attendant on diis mode of adnittnig 
steam, are however greater in a high-pressora oigine 
than in those usually constructed by Messrs. Bdulton and 
Watt. 

It does not appear that Mr. Watt produced any hirgfi 
engines on his improved construction until 1774; and so 
slow is the progress of improvement against ptwonceived 
habits of long standing, or interested clamomr, that he 
found the term of his patent was likely to pass away be- 
fore he should be reimbursed. In consequence of this he 
applied to parliament, which, by a legidative enactment, 
sanctioned the prolongation of the ordinal term finr twenty- 
one years. 

Soon after the renewal of his patent, Mir. Watt publish- 
ed proposals for the erection of his improved eiu|fine, and 
in these the advantages to be olitained fhihn its use ate 
placed in the strongest light. In an atmospheric engine, 
conntmcted on the most improved plan, a quantity of water 
equal to 9,636,660 pounds, was nused one foot high wMi 
a single bushel of Newcasde coals; but Mr. Watt under- 
took to raise 24yS63,57I pounds, with the same amount of 
fiiel. 

The increasing depth of some of the larger works in the 
mining districts, has called for a proportionate increase of 
the power employed ; and many of the engines now erect- 
ed for the purpose of raising water, are of proportions so 
gigantic, as can be conceived only by actual calculation. 
One of the largest is that erected at the Union mine in 



I OF THE STEAM ENGINE. 31 

Cornwall. It is upon Mr. Watt's doiible-actioo principle, 
and is loaded to exert its utmost force. The Bteam-cylio- 
der is sixty-three inches in diameter, and raises water 
equally in the ascent or descent of the piston. The 
weight of water in the piimps ia 82,000 pounds; and 
with this load it makes 6^ double strokes per minnte, of 
7} each, or it gives to the load lOOJ feet motion per mi- 
nute. To effect this, which is equivalent to raising 
8,261,500 pounds, lifted one foot high, oi' the power of 
250 horses, it is necessary to consume about thirty-one 
pounds of coal per minute. 

Ill 1797, the ingenious Mr. Cartwright, well known for 
the value and variety of his scientific avocations, invented 
a mode of applying the vapour of alcohol, or other ardent 
spirit, as a substitute for common steam. In addition to 
the saving to be effected by this plan, Mr, Cartwright in- 
tended to employ his engine as a stil), by which the whole 
■Ast of fuel would be saved.* Such a method, however. 



' • It is curions, tliiit a disSnguished ehemifll of the present dny sliniild 
iu-ye suggested the oniistnictioil of iLn engine on the fulluwing plan, which, 
it will be seen, is nearly similar to tliiit dcstrilwd in Mr. Cart«Tight's 
Bpevification. 

" Sini'e the vapour of alcohol, having the same clastic force as the at- 
moapbere, contains ^^ of the latent heat of ordinarj steoni, and since its 
elastic force is doubled at tlie SOSth degree (six below the boiling heat of 
water) with perbaps one-tbird of additianal caloric, might we not, in par- 
ticular circnmstances, employ this vapour for impeUing the piston of a 
■team engine > The oondensiiig apparatus, could b«, I imagine, su con- 
structed, as to prevent any material loss of tlie liquid, while more than a 
i|UadrupIe power would be obtoincd from the same size of cylinder 31212*, 
with an expenditure uf fuel not amounting to one half of what aqueous 
vaponr consumes i or the power and fuel would be as three to one, 
calling their relation in ordinary steam one to one. A considerable en- 
gine could thus also be brought within a very moderate compass. Pos- 
sibly, afler a few operations of the air-pump, the incoDdensiblo gas may 
be so eSectuallir witlidniwn, that ne might he permitted to detach this 
raechanism, which, though essential to common engines, lakes away one- 
fourth of their power. In a distillery in this country, or on a sugar-estate 
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Auppofies a ci^Mibility of blending the bosinen of a dJetHlei 
with a vari^ of trades, to which it is totally inapplicable 
A scheme somewhat similar to this, and to which we shal 
afterwards more fully revert, has lately been att^npted b] 
Cfdonel Congreve, in which he proposes to burn a largi 
portion of chalk mixed with the coal, and thus convert dM 
ftumace into an efficient lime»kiln. From this view of ihi 
mibject, we think it will be seen, that however plausible 
or ingenious this invention may appear in theory, there an 
insuperable objections to its general employment. We an 
still, however, greatly indebted to Mr. Cartwright for thi 
mechanical arrangement of the engine described in hi 
patent, as it furnishes the first hint of an elastic metal pi«^ 
ton, which has since been found of. the greatest use ii 
high-pressure engines. 

The first Portable Steam Engine appears to liave beei 
constructed by Mr. Smeaton, who employed it for draining 
foui^tioos and other temporary works* It had a pullej^ 
or iraeel, to receive the chain which communicated mo 
tion from the piston to the pump-rod, instead of a beam 
The pivots of the wheel were supported by two inclines 
beams connected at top, v^hilst the cylinder and piun| 
were bolted down to the groundsills. Thus, the whol 
machine being supported by one frame of wood, it couU 
without trouble be set to work in the open ah*. The boiler 
which required no setting in brick work, was in the shiqp^ 
of a tea-kettle, and the fire-place being in the centre, wa 



in the colonies, a trial of this plan mi^ht perhaps be.made with adyantagu 
While exercising its mechanical functions of grinding, mashing, or squeea 
ing the canes, it woald be converting ordinary into strong spirit for reel 
fication, or for the conyenience of carriage. Might not such an engine fa 
erected on a small scale, for many purposes of domestic drudgery ? ] 
would unquestionably furnish a beautiful illustration in philosophy, t 
make one small portion of liquid, by the agency of fire, imitate the cease 
les0 circulation and restless aotivity of life.'*»-PhU. Tran. vol. criii^p. 99S 
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^KArounded on all sides by water, thus presenting; the ^eat- 
rat possible surface to the action of the flame. Portable 
steam engines are now employed not only in the erection 
of bridges, and in underground excavations, but are also 
usefully applied to the purpose of propelling vessels and 
carriages: the latter application is of a very recent date. 
Steam navigation, however, from its great national import- 
ance, will deservedly find a place iu a separate division of 
this work. 

The principle of the high-pressure steam engine depends 
on the power of steam to expand itself very considerably 
beyond its original bulk, by the addition of a given por- 
tion of caloric, thus acquiring a considerable elastic forca 
which, in this case, is employed to give motion to a piston. 
One of the greatest advantages attendant on employing the 
repellent force of steam, as in this fonn of the engine, con- 
sists in an evident saving of the water usually employed in 
condensation ; and this, in locomotive engines, for propel- 
ling carriages, is an object of considerable importance. 

Leupold has furnished a description of a high-pressure 
engine, in a very valuable work on machines, published in 
1724. He ascribes the invention to Papin, and his appa- 
ratus consists of two single cylinders placed at some dis- 
tance from each other, eacii of which is provided with a - 
piston made to fit air-tight, and connected with a forcing 
pump. 

When high-pressure steam is admitted at the bottom of 
the first cylinder, it is forced upwards, carrying with it the 
iever of the pump ; at the same time that the ste.am or air 
is expelled from the other. On this operation being re- 
peated, or rather reversed, the steam is allowed to enter the 
second cylinder, which is also connected with the boiler, 
while the steam in the first cylinder is allowed to escape 
^iato the air. From this it will be evident that the process 



L 
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of rondensation forms no part of tlic principle of the liia^h- 
pressiire engine; and that the expansion of gunpowder 
might be made to produce a precisely similar effect. 

The amazuig force to be produced by the expansion of 
■highly elastic vapour, did not escape the penetrating notice 
of that towering genius, which was now directing all its 
energies towards its improvement. Accordingly, we find 
in Mr. Watt's iirst patent, the following clause, which ex- 
pressly describes tliiH engine : *' I intend, in many cases, to 
employ the expansive force of steam to press on the pi«^ 
tons, or whatever may be used instead of them, in the same 
manner as the pressure of the atmosphere is now employed 
in common fire-engines. In cases where cold water can- 
not be had in plenty, the engines may be wrought by the 
force of steam ouly, by discharging the steam into the open 
air after it has done its office." 

Messrs. Trevithick and Vivian were the first to employ 
the high-pressure engine to advantage, as they found it 
admirably adapted for the purpose of propelling carri^^. 
In this case the steam, after having performed its office, 
was throivn off into the air; and the condenser, together 
with the necessary supply of cold water which must have 
accompanied it, was by this means dispensed with. For 
the purpose of motion, the high-pressure engine certainly 
possesses considerable advantages, not the least of which 
are its cheapness and portability; the danger, however, 
attendant on the use of steam, acting with a force equal to 
from forty to eighty pounds ou the square inch, must in- 
evitably form an insuperable bar to its general iutroductioa 
to our maimfactnres. 

Mr. WoolPs improvements, which are of considerable 
importance, are founded on the same principle as those of 
Mr. Watt, namely the power of steam to expand itself, or 
increase its volume in a very considerable degree, after itn 
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s from Ific boiler. From a variety of experiments 

an this subject, be iiacertaiiied that a quantity of 

9ain having- the force of five, six, seven, or more pounds 

n every square inch of the boiler, may be allowed (o ex- 

lud itself to an equal number of times of its own volume, 

len it would still be equal to the weight of the atmos- 

Jihere, provided that the cylinder in whirh the expansion 

takes plare, have the same temperature as the steam pos- 

aensed before it began to increase. 

The most economical mode of employing this principle, 

the application of two steam-cylinders and 

Btons of unequal size to a high-pressure boiler; the 

taller of which should have a communication both at its 

p and bottom, with the steam vessel. A communication 

f also formed between the top of the smaller cylinder 

I the bottom of the lai^er cylinder, and vice versa. 

lien the engine is set to work, steam of a high tempera- 

s admitted from the boiler to act by its elastic force 

J side of the smaller piston, while the steam which 

1 last moved it, has a communication with the lai^r or 

Kidensing cylinder. If both pistons be placed at the top 

r respective cylinders, and steam of a pressure equal 

Y pounds the square incli, be admitted, the smaller 

a will be pressed down, while the steam below if, in- 

i of being allowed to escape into the atmosphere, or 

I into the condensing vessel, as in the common engine, 

e to enter the larger cylinder above its piston, which 

1 make its downward stroke at the same time as that in 

i smaller cylinder; and, during this process, the steam 

%ich last filled the larger cylinder, will be passing into 

! condenser to form a vacuum during the downward 

the upward stroke, it is merely necessary to 
the action of the respective cylinders ; and it will 
d2 




I 
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be effected by the pressure of the steam in the top iji the 
small cylinder, acting beneath the piston in the great 
cylinder ; thus alternately admitting the steam to the dif- 
ferent sides of the smaller piston, while the steam last 
admitted into the smaller cylinder, passes r^;tdarly to the 
different sides of the larger piston, the conunnnication 
between the condenser and steam boiler beii^ rerersed lEit 
fach stroke. 

The economical application of this engine, may however 
be best understood by an examination of its effective force 
when applied to the raising of water. It appears that a 
double cylinder expansion engine was OHistructed for 
Wheal Vor mine in 1815. This has a great cylinder of 
fifty-three inches in diameter, and nine feet stroke, the 
small cylinder being about one-fifth of the contents of the 
great one. The engine works six pumps, which at every 
stroke raise a load of water of 37,982 lbs. weight, seven 
feet and a half high. This produces a pressure of 14.1 lbs. 
per square inch on the surface of the great piston, while 
its average performance may be estimated at 46,000,0001bs. 
raised one foot high with each bushel of fuel. . 

The great mass of inert matter contained in the working 
beam of the reciprocating engine, must of necessity pro- 
duce a proportionate waste of power ; each elevation of the 
piston causing a change from a state of rest to motion, and 
vice versa. This, however, is in no small degree enhanced, 
by the necessity of employing a fly-wheel of considerable 
weight to equalise its motion. To prevent this loss of 
power, a variety of contrivances have been suggested, for 
the purpose of producing a continuous action, without the 
intervention of a cylinder and piston, thus dispensing with 
the beam and fly-wheel. 

To produce a continuous rotatory motion, is, however,. 
*4tle more than a return to the simple principles on which 
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e earliest engiues were CoiiEtructed. We have already 
I, that the Italian philosopher, Bmncas, directed aleain 
eat expan^iive force a^inst the ranes of a wheel, 
I was employed to g'ive motion to a stamping press, 
lou°^h the force obtained must have heen very incoriRider- 
The principle of this invention was also applied to 
a very ingenious, though we fear useless rotatory engine, 
constructed by Kenipel. 

. It consisted of a hollow cylinder, fnmished with two 
I, at the end of wliieh were traasverse apertures ; and 
B was connected with a large ceolipile or boiler, by means 
I moveable socket. The steam employed to drive the 
IS was of great elasticity, and rushing out at the apertures 
ith considerable violence, produced a rotatory motion. 
I About the same period, Mr. Sadler, of Oxford, took out 
t< patent for a similar machine, thongb we are not aware 
I it was ever usefully employed, the rarity of sleam 
being such, that even if none be condensed by the cold of 
the atmosphere, the impulse must necessarily be exceed- 
ingly feeble, and the expense of steam, to produce any 
Hnrviceable efTect on the machinery, exceedingly great. 
^B A very ingenious, and not less simple mode of producing 
^■■continuous rotatory motion, is described by Mr. J. Cooke 
^■l' the Transat^tions of the Irish Academy.* It consisted 
H|Pf a wheel, with moveable valves or flaps on its circum- 
ference, turning freely on joints, which admitted their 
openings only to a line passing through the centre of the 
wheel. These, when closed, lay exactly on a level with 
B outer extremity, but when open fell down perpendicular 
The wheel, thus formed, was enclosed in a case, 
ifcich fitted it exactly, while the upper valves were close 
ted the lower extended. The steam in its passage from 
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the boilor to the condenser, pushed the extended valres, 
■ ftad thus ^ve motion to the wlieel. A workings model of 
I jliiB engine, without the condenser, was, we believe, ex- 
I ^ibited before several members of tbe academy. In tliis 
Euice, however, it must have acted as a hi^h-pressure 
[ engine, discharging tbe steam at each division of the 
I jpheel ; and we very much doubt whether it would be pos- 
sible to pack tbe hanging val vps sufficiently tight to admit of 
their readily falling to the position described by Mr. Cooke. 
Several other attempts have also been made to produce 
[ .B continuous rotatory motion, the most important of which 
[ wHi be found in the descriptive part of our work, and in 
[ ^be analysis of patents. Appendix (A.) 

In Messrs. Boulton and Watt's Bell-crank Engine, the 

1, fiylinder is supported by brackets proceeding from a cast- 

I von condensing cistern, and is placed over one end of it. 

the beam which is fonned like a right-angled triangle, 

I ^las its centre of motion at the right angle, and the axis of 

[ it is supported by bearings screwed to the cistern ; and at 

I the opposite end to that upon which the cylinder is placed, 

I the horizontal arm of the triangle forms the working ami 

I of the beam, to the extremity of which the power of the 

I cylinder is applied. The connecting rod is jointed at the 

|q)per end of the perpendicular arm, and extends to the 

I crank, which is supported in bearings screwed to tbe 

«isterti at the same end at which the cylinder is placed, 

tbe centre of motion being at the same level with the top 

ef the cistern ; and beneath the cylinder, the hypotliennse 

[ of the triangle of the beam forms a brace to strengthen it. 

Two of these beams are used, and are applied on opposite 

' sides of the cistern, upon the same axis of motion, and are 

united bother by cross rods, thus foiming two connects 

ing rods and cranks upon one axis of motion, the fly-wheel 

being placed at one extremity of the axis. To connect the 
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i-ro(I with the ends of the arms of the beam, or the 
e of the triano;Ie, a rod is fixed across the top of the 
}n-rad; and to the two ends of this two other rods are 
linked, which descend to the beam, and are pointed to it 
at the endn. By this means, the ascent and descent of the 
piston-rod produce a corresponding action of the beam 
upon its centre of motion; the upper end of the perpendi- 
cular arm moving backwards and forwards, thus by means 
of the connectino^ rods turning the cranks. The rods 
which descend from tlie bar, which is fixed across the top 
of the piston-rod to the ends of the beams, are so con- 
structed, as to preclude the necessity of employing the 
parallel motion. This engine is very compact ; it requires 
no fixing, and the air-pump whicli is placed in the middle 
of the cistern, is worked by two rods jointed to the hori- 
zontal arms of the beams. 

The atmospheric engine was first employed in North 
America, about 1760, and two engines on this principle 
were erected in New England before the revolutionary 
war. One was also employed for the purpose of draining 
Schuyler copper mine, on the river Passaick, in New 
Jersey. The greater part of these engines, however, were 
executed in England. Some idea of the slow progress 
which has been made by onr transatlantic brethren, in this 
Fery important invention, may be furnished by the follow- 
ing fact, that no more than four engines of any importance 
were at work in the whole continent of America at the 
iH^inning of the present centnry. Of these, two were 
erected at New York, the first of which was employed for 
the supply of that city with water,* and the otlier gave 

* Tliis engine is upouthejiriutiple of Buulton aiid Watt's double aclinn 
engines. It has two iKiilera ; line iif wood, and the otlicr of jihecl iron. 
The By is driTcn by a aun-aiid-planet wheel, and tbe sLaft worJu three 
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motion to a Raw-mill. The remaining tivo were erected at 
Philadelphia, and belonged to the corporation of that city. 
The city of Philadelphia was for many years supplied 
with water by means of a low-pressure engine ; Mr. Evans, 
the Trevithick of America, has, however, lately substituted 
a high-pressure engine in its place. By this means, in 
fuel alone, a saving of seventeen dollars per day has been 
effected. 

Trinidad appears to have been the first West Indian 
colony in which the resident planters could overcome their 
ancient prejudice in fiivour of the cattle mills, whirh are 
still generally employed on sugar estates, Mr. William 
. Xusliington, who had a considerable property on that island, 
1 introduced a large engine by Boulton and Watt in 1804; 
1 4nd so great was the saving effected by its use, that the 
Vlabour of three mills, each of which was equally expensive, 
ras usually performed by the one machine. 
From the result uf some experiments made with two 
f steam engines, constructed by Mr. Maudslay for the 
I island of Ceylon, it appears, that this species of power has 
been equally efficient in the dressing of rice and prepara- 
I lion of oil. The apparatus employed for this piu^ose was 
' -sontrived by Mr. Hoblyn, a gentleman well known for his 
I distinguished scientific attainments, and it has been found 
. that, allowing three hundred working days in the year, 
dfid the engines to work ten hours per day, they would 
t Bunually convert 576,000 pounds of paddy into a (juantity 
of rice equal to 147,347 bags, which, at nine rix-dollars a 
bag, would amount to £116,035 sterling, while the same 
quantity of paddy being converted into rice by the com- 
mon method, would produce only £64,799. The saving, 
therefore, by these two machines, is more than £50,000 
per annum. 

The introduction of this valuable mechanical agent to 
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e mines uf South America, did not lake place till 1815; 
and in the followine^ year a report on the subject was pub- 
lished in the Lima Gazette. After describing this import- 
ant event, it adds, " Immense and incessant labour, and 
boundless expense, have conquered difticiilties hitherto 
esteemed altogether insuperable ; and we have, with un- 
limited admiration, witnessed the erection, and ^^stonishing^ 
operation of the first steam-engine. It is established in the 
celebrated and royal mineral territory called the mountain 
Yaiiricoeha, in the province of Tarma ; and we have the 
felicity of seeing the drain of the first abaft in the Santa 

tSosa mine, in the uoble district of Pasco," They add, 
ft We are ambitions of transmitting to posterity, the details 
m an undertaking of such prodigious magnitude, from 
vhich we anticipate a torrent of silver, that shall fill sur- 
rounding nations with astonishment." 

It appears that the new world was principally indebted 
a the agoncy of M. Francois Uville for this improved era 
a their mining annals. This gentleman having found that 
t lai^ portion of the most valuable mines in Peru was 
Uling into decay, and in some cases totally drowned trom 
B impossibility of draining them by manual labour, ap- 
plied to Mr. Trevithick of Camborne in Cornwall, one of 
e patentees of the high-pressure engine. This ingenious 
lecbanic applied himself with such extraordinary dili- 
gence to the subject, that in less tban nine months the 
materials for as many engines were completely ready for 
their destination. The apparatus, which cost about ten 
thousand pounds, was embarked at Portsmouth in the 
beginning of September, 1814, accompanied by M. Uville 
ind three Englishmen, to superintend the erection of the 
ichmery. 
It. Trevithick was afterwards employed as engineer to 
; Royal KJint established at Lima, and on his arrival in 
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8diith Amaricl^ wds received with tsath entbittmslic gmtf^ 
tode^ that the Lord Warden proposed to ^^ eredt his e^tue in 
massive silver/* The engines employed weire excliniv^f 
to the high-pressure principle^ and will he found und^ 
his patent in the App^idix. Indeed. this appearel to be 
the ohly cheap engiiie likely to act with an adyantageons 
effect, the ejiitreme rarity of the atmosphere in those ele^ 
▼ated tegiond, precluding the economical use of the ocflni* 
mon atmospheHc engine. 

We have hitherto viewed the steam engine, when eih- 
ployed as a substitute for animal force, in givmg motion to 
nliUs, raiising of water, and a variety of other employmentli^ 
all of wUch, however, are of a fixed and stationary natord 
But s(»tte pn^ress has likewise been made towards the 
{^Implication of the same power to moveable machinery, aM . 
when constructed for this purpose it is called a locofk/tOive 

The anployment of an intemsd mechanism to impe) 
waggons on a plane road is of very early date, but the first 
apj^lication of the steam engine to this purpose took place, 
yie believe, in the Royal Arsenal at Paris, towards the 
close of the last century. From this time till" 1802, bill 
little progress appears to have been made in the use of this 
i^iecies of wheel carriage; but about the latter period^ 
' Mr^Trevithick commenced a series of experiments on the 
luse of the high-»pressure engine for the above purpose ; 
and this, with some improvements^ has since been adopted. 

When these engines were first tried, it was found difficult 
to produce a sufficient degree of re-action between the 
wheels and the track road, so that the former turned round 
without advancing the vehicle. This was r^nedied by 
Mr. Blenkinsop, who, when he adopted this species of con-' 
veyanee, took up the conmion rails on one side of the 
whole length of the road, and replaced them with rails 
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Irbicb had lar^e and coarse Ci«;« projecting from the out- 
The impelling wheel of the engine was made to act 
I these teeth, so that it continued to work in a rack the 
'hole length of the road. 

n engine of four horses' power, employed by Mr. Blen- 
insop, impelled a carriage lightly loaded at the rate of 
ten miles an hour, and when connected with thirty coat 
waggons, each weighing more than three tons, it went at 
about one-third of that pace. 
b^ Mr. Bienkinsop has since stated in reply to queries put 
fftj Sir John Sinclair, that his patent locomotive engine, 
l^^th two eight-inch cylinders, weighs five tons, cimeumes 
Llwo-thirds of a hundred-weight of coal, and fifty gallons 
lef water per hour; draws twenty-seven waggons weighing 
l^inety-four tons on a dead level, at three and a half miles 
f.|>er hour, or fifteen tone up an accent of two inches in the 
llriu'd; when 'lightly loaded,' travels ten milesan hour, does 
1 4fae work of sixteen horses in twelve hours, and costs £400. 
I ^Another person says, that the weight of (his engine with 
I ito water and coals is sis tons, and that it draws forty or 
I'^fty tons, (waggons included,) at four miles an hour on a 
I ]pvel rail-way. This seems to have been a high-pressure 
I Sngine of about eight or ten horses' power. But we are not 
J aiformed what sort of rail-way it worked on, how long its 
P iourueys were, or what is meant by ' lightly, loaded.' 

The application of the steam engine to impel carriages 
[ on the public roads, has hitherto been considered as a r^ 
I fiaement in mechanics, rather to be wished for, than a 
' matter of reasonable expectation. It has however been 
^ted, that a vehicle of this description is now construft- 
l ing in Ireland, intended as a stage-coach, and it is added, 
[ that when loaded with a weight equal to four tons, it will 
I be enabled to advance at the rate of fifteen English mile» 
Eper hour. But it must, we (hink, be sulficiehily apparent, 
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that the employiiieiit of this species of prime iMivcr €■ m 
common gravel road, would be in the behest degree d^ 
stmctire, and a considerable increase in the toU mmM be 
the certain consequence. 

* In proof, however, that the necessity of emfiajiag mk 
iron track-road for these vehicles is not so seriiNi 
jection as at first view might be supposed, more 
larly in our mining districts, Ihe nei^boiirhood of New- 
castle alone, affords, within an extent of tweniy-e^;lit 
iiquare miles, more than seventy-five miles fitted ibr this 
species of conveyance ; and it is a well known tatct, dni 
there are many situations m which iron rail..<t»dsm%ht be 
advantageously employed, in which it would be quite 1111- 
possible to open a navigable canal. 
' M. Dupin, whilst speaking of the immense mednmical 
force set in action by the steam engines of Ei^land, gives 
the following illustration of its amount The great pyranid 
of Egypt, required for its erection the labour of above 
100,000 men for twenty years: but if it were required 
again to raise the stones from the quarries and place than 
at their present height, the action of the steam engines of 
England, which are managed at most by 36,000 men, wouM 
be suiRcient to produce the efiect in eighteen hours. And 
M. Dupin says, that if it were required to know how long 
they would take to cut the stones and move them from the 
quarries to the pyramid, a very few days would be found 
sufficient. 

' The calculation of M. Dupin is as follows : the volume 
of the great pyramid is 4,000,000 cubic metres, its^wei^t 
is about 10,400,000,000 kOogrammes. The centre of gra- 
vity of the pyramid is elevated forty-nine metres from the 
base, and taking eleven metres as the mean depth of die 
quarries, the total height of elevation is sixty metres, 
which multiplied by 10,400,000 gives 6124,000,000 4ons 
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raised one metre. Then the total of the stedm engines in 
England represents a power of 320,000 horses. These en* 
gines, moved for twenty-four hours, would raise 862,800,000 
tons one metre high, and consequently 647,100,000 tons in 
eighteen hours, which surpasses the produce of labour 
spent in raising the materials of the great pyramid. 
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CHAP. III. 

Imtroductum and Improvements effected by Hulh — Du^ 
quei — Jouffray — Fulton — Miller — Symington — Stan^ 
hope — Jjinnaker — Thames and Clyde boats — Progress 
of Steam Navigation in America^ 

The possibility of employing steam as a moving power 
in the navigation of vessels, was known early in the last 
century; its practical application however, cm a lai^ 
scale, has not been fully established above twenty years. 

In 1698, Savery recommended the use of paddle-wheels, 
similar to those now so generally employed in steam ves- 
sels, though without in the remotest degree alluding to his 
engine as a prime mover ; and it is probable that he in- 
tended to employ the force of men or animals working at a 
winch for that purpose. About forty years after the pub- 
lication of this mode of propelling vessels, Mr. Jonathan. 
Hulls obtained a patent for a vessel in which the paddle- 
wheels were to be driven by an atmospheric engine of 
considerable power. 

In describing his mode of producing a force sufficient 
for towing of vessels, and other purposes, the ingenious 
patentee says, ^* In some convenient part of the tow-boat 
there is placed a vessel about two-thirds full of water, with 
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the top close shut; thb veseel being kept boiling, rarefles 
the water mto Bteam ; this Bteoni being conveyed throngh 
a large pipe into a cylindrical vesael, and there condensed, 
makes a racnum, which causes-the weight of the atmos- 
phere to press on this vessel, and so presses down a piattMi 
that is fitted into this cylindrical vessel, in the same man- 
ner as in Mr. Newcinnen's engine, with which he raises 
water by fire. 

" It has been already demonstrated that when the an* is 
driven out of a vessel of thirty inches diameter, (which is 
but two feet and a half,) the atmosphere will press on it to 
the weight of four tons sixteen cwt. and upwards ; wb«i 
pn^r instruments for this work are applied to it, it mtiet 
drive a vessel with great force." 

The accompanying engraving represents Mr. Hulls* tow« 
boat, copied from the very rare work by the inventor. 




Mr. Hulls* patent is dated 1736, and he Bug^;«sted the use 
of a crank to produce the rotatory motion of his paddle- 
wheels } tfaffi mgenions mode of converting a reciprocating 
into a rotatory motion, was afterwards recwnmended by the 
Abb^ Amal, Canon of Alais in Laiiguedoc, who, m 1781, 
proposed the crank for the purpose of turning paddle- 
wheels in the navigation of lighters. 

It is probable that Mr. Hulls anticipated some obje«lioR. 
tO'hia«ewnodeof'piVpellBig vess^, and' it appears fnnn 
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CiqptaiQ Sarery's statonait, to whidi we have already 
alladed, that a stroi^ prejodice had been raised against 
the use of propelling wheels in Tessels. Mr. Secr^ary 
Trenehard, who was at that time at the head of the Ad- 
miraltjy had also giv^i a decided negatiye to the pnqposi- 
tion* In answer therefore to the objections which m^t 
have been anticipated, Mr. Hulls proposed the following 
queries, which he afterwards solved in the most satisfactory 
way. 

^ Query 1. — ^Is it possible to fix instrom^its of sufficient 
strength to move so prodigious a weight, as may be con« 
tained m a very laige vessel i 

*^ Answer. — All mechanics will allow it is possible io make 
a machine to move an immense weight, if there is force 
enough to drive the same, for every member must be made 
in a proportionable strength to the intended work, and pro- 
perly Inraced with laces of iron, so that no part can give 
way, or break. 

^ Query 2. — Will not the force of the waves break any 
instrument to pieces that is placed to move in the wat^ % 

^ Answer. First, It cannot be supposed that this machine 
will be used in a storm or t^npest at sea, when the waves 
are very raging ; for if a merchant lieth in a harbour, &c. 
he would not choose to put out to sea in a storm, if it were 
possible to get out, but rather stay until it were abated. 
Secondly, when the wind comes ahead of the tow-boat, the 
fans will be protected by it fmn the violence of the waves, 
and when the wind comes side-ways, the waves will ccmie 
edge-ways, of the fans, and therefore strike them with the 
less force. Thirdly, there may be pieces of timber laid to 
swim on the siurface of the water on each side of the fans, 
and so contrived as they shall not touch them, which will 
protect them from the force of the waves. 

^Up inland rivers where the bottom can possibly be 
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tched, the fans may be taken out, and cranks placed at 
the bindmost axis to Btrike a shaft to the bottom of tUe 
river, which will drive the vessel forward with the greater 
force. 

" Query 3. — It being a continual expense to keep this 
machine at work, will the expense be answei-ed 1 

" ^Tisiter. — The work to be done by this machine will 
be upon particular occasions, when all other means yet 
found out are wholly insufficient. How often does a mer- 
chant wish that his ship were on the ocean, when, if he 
were there, the wind would serve tolerably well to carry 
him on his intended voyage, but does not serve at the same 
time to carry him out of the river, &c. he happens to be in, 
which a few hours' work at this machine would do. Be- 
sides, I know engines that are driven by the same power 
as this is, where materials for the purpose are dearer than 
in any navigable river in England. Experience, there- 
fore, demonstrates, that the expense will be but a trifle to 
the value of the work performed by those sort of machines 
which any person who knows the nature of those things 
may easily calculate." 

M. Duquet appears to have tried revolving oars as early 
as tbe year 1699, and experiments were made with them 
on a large scale both at Marseilles and at Havre :* this 
mode, however, of impelling vessels was soon given up as 
impracticable ; and after our countryman, Hulls, the Mar- 
quis de Joufiroy unquestionably holds the most distin- 
guished rank in the list of practical engineers, who have 
added to the value of this invention. 

It is evident from an article published in the Journal 

$ Debats, that in 1781 the marquis constructed a steam- 

■ Vide Recueil de Machines approovtca par L' Academic Ituj'ale di; 
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boat at Lyons, of 140 feet in lengtb. With this he made 
several successfiil experiments on the Saone, near that, citfr. 
The events of the revdntion, which broke oat a few years 
afterwards, prevented M. de Joufiroy from prosecuting this 
undertaking, or reaping any advantage from it. . On his 
return to France after a long exile, in 179iS, he learned 
fit)m the newspapers that M. de Blanc, an artist of Trevoux, 
had obtained a patent for the construction of a steanu-boat 
built probably ftrora such information as he could procure 
relative to the experiments of the Marquis. The latter iqp- . 
pealed to the government, which was then too much occu- 
pied with public affiiirs to attend to those of individuals. 
Meanwhile Fulton, who had gained the same informationi 
and was making similar experiments near the Isle des 
Cygnes, alarmed M. De Blanc, who knew that he had 
much more to fear from the influence and mechanical skill 
of an Agio-American, than fitmi that of an ^nigrant. He 
accordingly alleged his patent right, and requested the 
stoppage of Mr. Fulton's works, who returned for answer,, 
that his essays could not afiect France, as he had no in- 
tention to set up a practical competition upon the rivers of 
that country, but should soon return to Ammca, which he 
actually did, and commenced the erection of those engines 
to which he has since laid claim as exclusive inventor.^ 

Shortly after the first experiments were made by the 
Marquis de Joufiroy, a gentleman of the name of Miller, 
who resided at Dalswinton, published a work, in which he 
described the application of wheels to the working of 



* The Quarterly Review, in an admirable article inserted in the thirty- 
eighth, nomber of that work, rerj justly exposes the pretensions of the. 
Americans to this inyention ; and points out some of the advantages which 
society owes to the above modest and pkUamihnpie individnal, not the least 
of which is the attempted introdncticm of the Urpetto, and other appar^tos 
ibr deatroying human life by wholesale. 
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riple vessrls on canals; and iu 1794 ]ie completed a mo- 
del of a boat on this construction, impelled by a steam 
engine. 

From tliis period till 1801, but little procuress appears to 
have been made in this species of navigation : in that year 
Mr. Symington, who had been employed in the construc- 
tion of Miller's vessel, tried a boat propelled by steam on 
the Forth-and-Clyde Inland JJavigafion ; this, however, 
was shortly laid aside, on account of the injury with 
which it threatened the banks of the canal, from the vio- 
lent agitation produced by the paddle-wheels. 

Mr Symington's mode of connecting the piston and pad- 
dle-wheel, was by placing the cylinder nearly in an hori- 
zontal position, 80 that by this means the necessity of em- 
ploying a working beam was avoided. The piston was 
also supported in its position by friction-wheels, and com- 
municated, by means of a rod, with a crank connected with 
the wheel, which imparts a motiun to a paddle somewhat 
slower than its own. The paddle wheel was placed in the 
middle of the boat towards the stern, and on this account 
it became necessary to Lave a double rudder, connected by 
rods, which were moved by a winch placed at the head of 
the boat. 

Mr. Symington also employed stampers placed at the 
bead of the boat, for the purpose of breaking the ice on 
canals ; and this plan, we believe, was also adopted in the 
original constniction of the vessels intended for the Arctic 
expedition. 

In 1795, a very ingenious apparatus was invented by 
Lord Stanhope, and tried by that nobleman in Greenland 
Dock. In this experiment, the paddles were made to re- 
semble (he feet of a duck, and were placed under the 
quarters of the vessel. This plan was also tried in Ame- 
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rica, but it tktes not appear in either case to har« anawwed 
the expectatimiB of itsprojectur.- 

A plan has also htxn tried which in some measure re- 
•emblefl the endless chain of a pump. This was, we believe, 
6nt employed on the Duke of Bridgwater's canal, and con- 
siste in the use of a chain, with a number of paddles attached 
»oit,goiiig:oTer two wheels placedlevel with the water line. 
A steam engine acting on the foremost roller, gave mo- 
tion to the chain, and a continuous paralld tnooon was 
dins effected. 




In ibt above spedes of steam-boat as described by Mr. 
Gladstone^ there is a shaft or axle pf irou, passing in the 
usoal manner through the sides of the vessel. On eaeb 
end of this shaft, on the outside of the vessel, are firmly fixed 
two wheels of cast-iron, provided with studs or teeth round 
the whole circumference of each wheel, as represntted in 
die figure at A. The distance between the two wheeb of 
each pair, must be in proportion to the int^ided length of 
the floats ot paddlea. The propelling power is to be !»»• 
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lonicated to the shafts by the usual means, anti thus a 
latory motion is g-iven to both pairs of wheels, 
f Two cast-iron wheels, with their circumference smooth, 
: fixed on an axle on each side of the vessel at B; 
their axles are to be of sufficient length to allow the two 
wheels of each pair to be fixed at the proper distance for 
l^feceiving the chains and paddles, which are to pass over. 
^ Two endless chains are applied to tlie wheels, one of 
ptrbicb is shewn so that one passes round each of the stud- 
wheels and its corresponding plain wheel, as at D. Acro^ 
these chains the paddles or floats are fixed, and between 
each pair of paddles the two chains are connected by cross- 
bars of wood or iron, which are parallel to the paddles, 
and are securely bolted to both chains, so as to keep them 
at a proper distance, tu suit them to the wheels, and pre- 
vent them having any lateral motion from the action of 
the surge. 

. The chains have openings at such distances as to fall ex- 
tly on the studs of the wheels, in order that the chain 
jwy always take hold of the studs, during their rotation, 
B to prevent their slipping on the wheels, although so 
ick as to form a curve in the water. The paddles are to 
B fixed in such a manner, that they will be perpendicular 
r to the surface of the water, during their course between 
Hie wheels A and B, even when the resistance to their mo- 

a is greatest. 

. On the outer edges of each adjoining pair of wheels, 

Itere is a projecting edging or rim, so that the two con- 

l.nected chains, with their strikers and paddles, may easily 

I fiill between the rims, thus affording an additional security 

I against the effect of the surge, in displacing the chains. 

B length and breadth of the paddles must always be in 

proportion to the dimensions uf the vessel. 

In 1800 Mr. Linnaker obtained a patent for propelling 
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ressels by forcing a stream o^ water from tbe fsteni, aM ad- 
ditional supply being at the same time drawn in att!lie4ead 
of the vessel » This ingenious contriyance, however, appears 
to have been practised nearly a century back : a very cir- 
cumstantial account of the apparatus for this purpose being 
prefixed to the Specimhia Ichnographica of John Allen, 
published 1730. 

The first really pmcticable, and we may add profitable 
attempt at steam navigation in Europe, appears to have 
been made on the Clyde in the year 1812. This was 
a vessel for the conveyance of passengers, with an engfine 
of only three horses' power, and which was of considerable 
draught On account, however, of the numerous shallows 
in our rivers, it has since been found advisable to construct 
the vessels employed in this species of navigation so as to 
draw 83 little water as possible. 

The greater number of boats now in use either on the 
Thames or Clyde navigation, are fitted up for the convey- 
ance of passengers. They have two cabins, one before the 
engine, which is small and at a reduced price, while the 
second, or large cabin, is usually fitted up in the most ele- 
gant maimer. In some cases the cabms possess the addi- 
tional advantage of being heated by steam, while others are 
heated by means of a pump, which forces a current of air 
over the chinmey into the cabin. The engine-room in the 
smaller vessels, is seldom more than t^venty feet in length, 
and little more than half as many in width ; this being suffi- 
ciently large for an engine of twenty horses' power, with 
all requisite apparatus, two boilers, and abundant stowage 
for coals. There is now however, a large vessel which has 
lately been built in the Thames with a maintaining power 
equal to more than one hundred horses. By an ingenious 
contrivance, the chimney, which is of considerable height> 
is made to lower nearly level with the deck. The joint that 
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'■ere the flue (liiriiiflf this process, acting upon the same 
inciple as the sliding^ shells of a lobster's back, which 

ipletely prevents the escape of smoke. 
From a series of accurate experiments and calculations 
lately made, it appears, that the expense attendant on the 
navig;ation of a small vessel is much larger in proportion, 
than where an eng'ine of gjeater power is employed ; and, 
consequently, we find that steam-boats of great burden are 
now constructed. In America, more particularly, these 
boats usually run from three to four hundred tons burden, 
the great width of their rivers rendering vessels of this size 
perfectly manageable. Mr. Buchanan, however, recom- 
^Dteuds the use of a vessel, whose dimensions shall not ex- 
seventy feet in keel, and ninety tons burden, as the 
it eligible size for a luggage and passage boat. 
It has been stated, and we think with some degree of 
reason, that the security and comfort of passengers by steam- 
boats would be best consiilted by the employment of a sub- 
sidiary vessel of sufficient burden to convey the engine' and 
heavy luggage. By the adoption of this plan, the danger 
to the passengers from the bursting of the boiler, or other 
apparatus, would be entirely prevented, and tlie high-pres- 
sure engine might be generally employed. It would also re- 
medy the loss and inconvenience attendant on the continual 
shaking of the vessel, which, if large and lightly consfrucU 
ed, will be shaken asunder by the engine in a very short 
period. And last, though certaiidy not the least among the 
advantages likely to accrue from the adoption of this plan, 
it would materially diminish the disagreeable effect arising 
from the heat of the furnace and noise of the engine. 

To remedy the inconvenience that has sometimes been 
experienced from the difference in the draught of vessels 
by which the paddle-wheels are at one time sunk beneath 
the centre of their axis, while at another tune they scarcely 
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touch the water, a moJe of adjusting their relative height has 
f been introduced. An apparatus calculated to efiect this very 
I desirable object,without retarding the motion of the veasel, 
[ was lately presented to the Society of Arts, by Mr. Dickson, 
who received the silver medal for the conununication. 
Mr. D. states, that the great utility of this improve- 
f ment consists in its application to sailing vessels : fur in- 
stance, suppose a steam vessel to be going direct against 
the wind by means of the whole power of her steam en- 
gine, and that the wind should change and become fa- 
vourable, the propellers may, by these means, be inimedi* 
Btely raised out of the water, and the vessel allowed to have 
the whole effect of the sails, thereby saving the expense of 
fuel. Many of the steam vessels experience so greatan im- 
pediment from the propellers being always in the water, as 
to render sails of but little benefit. Another advantage will 
be derived when there is only a gentle breeze in the vessel's 
fiivour, as the propellers can be set to work, which will take 
bold of the water at pleasure, and thereby unite the power 
of the steam to that of the wind, which will secure the pas- 
sage in the given time, at much less expense, as the engine 
win only consume fuel in proportion to the labour it has to 
perform. A farther advantage will be found when the 
vessel has only a side wind ; for, by the use of this contriv- 
ance, one of the propelling wheels can be worked with 
its full power in the water, and the other entirely lifted out, 
if necessary. 

For the purpose of accurately trimming the vessel, Mr. 
Dodd recotumeDds the use of a lank or cistern, placed b&- 
nealh the projecting deck an each side the vessel, the water 
ballast for which may be raised by the working of the en- 
gine. This, on being discharged by means of a plug, wonld 
give a preponderance to the opposite side of the vessel, and 
as it would be placed at the end of a lever, the fulcrmn of 
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considerable effect. A contrivance neEirly similar to this, 
has been adopted for a coosiderable time on board one of 
the Gravesend gteam vessels. It consists in the use of a 
small carriage made to contain an iron cable, which is oc- 
casionally employed to moor the vessel, and its weight is 
such that the vessel may readily be trimmed by movii^ it 
(rom side to side, 

Mr. Maudslay has lately constructed a lat^e engine for 
a steam-boat invented by Mr. Brunei, which has two cylin- 
ders acting alternately upon different cranks, formed upon 
the same axis at right angles to each other, so that the 
itioD is continued without the action of a fly-wheel. In 
engine, one boiler is placed between the two cylinders, 
nud one air-pump and condenser exhaust them both ; so 
that by these means an engine of considerable power is 
contained in the smallest possible space. 

Some idea of the prevalence of steam navigation in 
more northern parts of our island, may be formed 
the following estimate of the number of passen- 
A'ho have availed themselves of ibis species of con- 
in the course of one year. On the Forth and 
Clyde canal, between Glasgow and Edinbure;h, 94,250 ; 
between Glasgow and Paisley, by the Ardrassan Ca- 
nal, 51,700; and from Glasgow, along the Monkland canal, 
18,000. 

are now employed in the 
kdriatic. One (La Carolina) goes regularly every second 
ly from Venice to Trieste ,■ another (L' Eridano) passes 
:tween Pavia and Venice, and with such celerity, that the 
)yage is accomplished in less than thirty-seven houre. 
We have now to notice the labours of our transatlantic 
ircthren in this uupurtant branch of naval engineermg. 
'rofiting by the hints thrown out both by the Marquis de 
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Jonflroy and Mr. Miller, Falton, who Jbad ako seen Sy- 
mington's boat, ordered an CDg^ capable of propelling a 
yessel to be constracteil by Messrs. Boolton and Watt. 
This was sentaot to Ammca and embarked on the Hod- 
soft m 1807,* and such was the ardoor of the Americans 
in support of this apparently new discovery, that the im- 
menae rnren of the new world, whose great width gare 
th^n considerable advantages over the canals and narrowei* 
streams of Europe, were soon navigated by these vessds. 

The city of New York alone possesses seven steam- 
boats, for c<mmierce and passengers. One of those on the 
Mississippi passes two thousand miles in twenty-cme days, 
and this too against the current which is perpetually run- 
ning down. The above boat is 126 feet in length, and 
carries 460 tons, at a very shallow draft of water, and con- 
veys Sram New Orleans, whole ships' cargoes into the in- 
terior of the country, as well as passengers. 

The following list of steam-boats lately in operation on 
the river Mississippi, and its tributary streams, has been 
published by Mr. Robinson. 



* Its first appearance on these waters, is thus described hj the biographer 
of Fulton. 

*^ She had the most tenifiu. appearance, from other vessels which were 
)taT]gating the river, when she was making her passage. The first steam- 
boats, as others yet do, used dry pine wood for fuel, which sends forth a 
column of ignited vapour many feet above the flue, and whenever the fire 
is stirred a galaxy of sparks fly off, and in the night have a very brilliant 
and beautiful appearance. This uncommon light first attracted the atten- 
tion of the crews of other vessels. Notwithstanding the wind and tide 
were adverse to its approach, they saw with astonishment that it was ra- 
pidly coming towards them; and when it came so near as that the noise 
of the machinery and paddles was heard, the crews in some instances shrunk 
beneath their decks from the terrific sfght, and left their vessels to go on 
shore, while others prostrated themselves, and besought Providence toipro- 
tect them from the approaches of the horrible monster, which was march- 
ing on the tides, and lighting its path by the fires which it vomited.' 
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Vesuvius 


390 


Cincinnati 


120 


EtnR 


390 


Exchange 


200 


Buffalo - 


300 


LouUiana 


54 




90 


James Ross 


320 


Wa^ngton 


4U0 


emASon 


320 


CoQstitulioii 


75 


TameAmr ■ 


' ' .4M' 


Homet 


40 


Cedar Branch 


350 


Kentucky 


80 


Experiment 


40 


Governor Shelby 


120 


St Louis 


820 


Hadison 


200 


Vesta 


100 


OUo 


443 


Rifleman 


250 


NapoleoD 


332 


Alabama 


200 


Volemo 


250 


Rimng SUtes 


150 


General Jnckwa 


200 


General Pike 


250 


E«gte 


70 


Independence 


300 


Hecia 


70 


Paragon 


400 


Henderson 


85 


Maysyille 


ISO 


Johnston 


W) 


Total 


7261* 



Building. 



2 at Pittsburgh of 180 tonsSfiO 

3 at Wheeling, of 500 and 

100 600 

2 at Steubenville 90 

1 at Marietta 130 
latMaysville 110 

2 at Cindnnati TiO 
2 at Cincinnati 115 and 

250 365 

2 at Newport 500 

1 at Jeffersonville 700 



I"trt Portland (Kentucky) 300 

3 at New Albany each 220 660 

4 at Clarkesville 500 
1 at Salt River 160 
1 at Vevay 110 
1 at Madison 120 
1 at Rising Sun 90 

1 on the Wabash SO 

2 at Nen Orleans each 200 400 



Total 



5995' 
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In addition to which there have been lost by accidents 
of different kinds, the following steam-boats : Orleans, 400 
tons ; Comet, 15 ; Enterprise, 45 ; Dispatch, 25 ; Frank- 
lin, 125; Pike, 25; New Orleans, 900. 

The Savannah, of 350 tons burden, crossed the Atlantic, 
and arrived at Liverpool from the United States in twenty 
days, the greater part of which time the steam engine was 
in action. The steam apparatus in this vessel occupies the 
greater part of the hold froih the main-mast to the fore- 
mast, a small space being reserved at each side for the 
conveyance of coals, which in this engine amounts to. about 
ten tons per day ; and from this it will be seen that 
but little room can possibly be left for the stowage of 
cargo, &c«^ 

The paddle-wheels in the Savannah, are affixed to a 
cast-iron axletree, passing through the sides of the vessel 
above the bends ; nearly the whole of each wheel being 
taken to pieces, and removed in the event of bad weather : 
two principal arms, which are also of cast metal, being the 
only parts remaining, and these in high seas are placed in 
a horizontal position, producing but little inconvenience in 
the navigation of the vessel. 

According to Mr. Buchanan, the expense of a 
steam-boat on the Clyde navigation, with two engines, each 
of which make forty-five tw«Aty-two inch strokes per 
minute, appears to be rather more than two thousand 
pound8«t The following estimate contains the separate 
items* 



* Vide Act regulating the Stowage of Steam-yeasels, in Appendix, 
t The number of hands employed in this ressel were eight; viz. cap- 
tain, pilot, engine-man and assistant^ seaman and assistant, and the stew- 
ard and assistant. Those carrying goods only, hare seldom mors than 
live hands. 
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The hull £700 

Steam Engine..... « 70Q 

Paddle wheels and other machinery .•&... 300 

Joiner's work 200 

UplK^sterers* work .«.««•... , 70 

1970 
Contingent expenses 330 

2300 

Mr. Dodd estimates tlie expense of completing a vessel of 
a hundred tons burden, and drawing four feet six inches 
water, at about six thousand pounds ; while the first cost 
of a steam-boat on Mr. Sjmiing^on's plan, doing the work 
of about twelve horses, and travelling at the rate of two 
miles and a half per hour, has been estimated at about eight 
or nine hundred pounds. The consumption of coals how- 
ever, in this and in all other engines connected with steam 
navigation, is much more considerable than when employed 
on land. In a fourteen-horse power engine, on Messrs. 
Boulton and Watt's construction, they consume I cwt. I qr. 
20 lbs. per hour of good Newcastle coals: while an engine 
of thirty-three horses' power, requires a proportion scarcely 
equal to two-thirds that quantity. 

The employment of high-pressure engines for the pur- 
pose of steam navigation, has unfortunately given rise to a 
considerable prejudice against the general use of this econo- 
mical and expeditious prime mover. The attention of the 
legislature was first drawn to this subject by the explosion 
of a high-pressure boiler in a vessel employed for the con- 
veyance of passengers in the neighbourhood of Norwich, 
on which occasion the consequences were of the most ter- 
rific nature. As, however, the matter was very fully exa- 
mined by the Conunittee of the House of Conunons, appoint- 
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ed to inquire into the various particulars connected with 
this unfortunate catastrophe, we shall content ourselves by 
referring the reader to the important facts contained in the 
annexed abstract, which fully demonstrate the possibility 
of constructing a steam vessel, uniting the essential quali- 
ties of safety, economy, and celerity. 



CHAPTER IV. 



Abstract of Evidence before a Select Committee of the 
House of Commons on Steam ^AViaATioN,* 



Mr. Bryan Donkin was called in and examined. Witness 
went down to Norwich, as a volunteer, to inquire into the 
cause of the explosion of a steam-boat. Was accompanied 
by Mr. Timothy Bramah and Mr. Collinge. Was of opi- 
nion that the immediate cause of that explosion had been 
the use of steam of a very high expansive force; the ap- 
proximate cause was a deficiency in strength of the end of 
the boiler. The boiler was cylindrical. The cylindrical 
part, and one end, was wrought iron ; and the other end 



* The Committee commenced its sittings May 8, 1817, and consisted of 
the following highly respectable individuals :— Charles Harvey, Esq. la 
the chair ; Mr. William Smith, Mr. Davies Gilbert, Sir Martin Folkes, 
Sir James Shaw, Sir William Curtis, Sir Charles Pole, Mr. Alderman At- 
kins, Mr. Williams Wynn, Sir Edward Kerrison, Mr. Lacon, Mf . Shaw 
Lefevre, General Thornton, Mr. Edward Littleton, Mr. Finlay, Mr. Lea- 
der, Mr. Alderman Smith, Mr. Wrottesley, Mr. Barclay, Sir James Gra- 
ham, Mr. Swann, Mr. Charles Dundas, Mr. Holmes, Mr. Thompson, and 
Mr. Bennet. 

On the 14th of the same month. Sir Matthew Ridley and Mr. Ellison 
were added to the Committee. 



64 STEAM NAVIGATION, 

roil. It appeared to have bee 



witMiglit iroii,bii1 
had been cot out, and a cast iron end substituted in its 
|dace. — ^Was of opinion that any high-pressure boiler so 
coiwlracted was unsafe. Thedifficultyof obtaining a pro- 
per degree of straigth atalltimeByin the materials of which 
the boflers were made, arose from the constant deterioration 
which they must be sufiering from the action of the fire, 
and finom the yarious d^;rees of expansion and contraction, 
operatii^on difierent parts of the boiler.— -Would not choose 
Id use a high-pressure engine, from the danger which arose 
fipom their use. — ^Thought it just to state to the Cottv- 
mittee^ that there was an adrantage to be derived trpm 
die use of high-pressure engines on board of boats, 
which were necessarily loaded differ^itly at different 



This difielent loadii^ required a difierent power in the 
steam oigine^ and the h^h-pressore ei^^ine was capable of 
haymg the additional power given to it without difficulty; 
whereas, in the lower-pressure engines, they were confined 
Id die power first assigned thaoi. — Scarcely ever saw the 
low-^pressure oigine beyond six pounds to the inch. — ^Had 
known one bofler wcnrn out in six mcmths, and another used 
tut seven or fourteen years. The strength of cast-iron 
boilers was extremely uncertain: cast non was liable to con- 
tract in various degrees in difierent places, and therefcH^ 
was liable to break. — ^Thought that all cast-inm boilers 
were dangerous when used for steam of high expansive 
ibroe. It was more practicable to make a boiler of the 
malleable metals to resist a high pressure, as far as the te- 
nacity of the metals was concerned ; but another difficulty 
occurred which prevented the application of the malleable 
ftietals to boilers for high-pressure engines, which was that 
of rendering the joining of the plates secure. — Believed 
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that wroug;Iit-iroii boilers were mucii less frequent llititi tlie 
SBst-iron boilers, and in WooIPs engines they were scarcely 
d at all. — Should think that the cast-iron boilers would 
he cheaper than wrought, if made of equal strength. — Con- 
ndered tliat in case of the explosion of a cast-iron or a 
^nrought-iron boiler, the cast-iron wuuld be attended with 
fte greater danger, 

In employing the malleable metals a simple rending 
generally took place, so that it would seldom happen that 
.^ upper part of the boiler would be torn off; but, in a 
mat-iron boiler, the fragments would be scattered about, and 
mote destructive. — The boilers invented by Mr. Linns 
•Rd Mr. Woolf were all of them cast iron. — Mr. Wooirs 
liad been in use nearly ten years. Considered low-pressure 
boilers safe from explosion in all instances, used with 
BO forther pressure than six pounds. — Had seen very few 
beilers constructed for the purpose of a low-pressure en- 
gine, or a condensing engine, that would sustain a pressure 
4f ten pounds trithout occasioning considerable leakage, or 
irithout forcing the joints. — Had never heard of an explo- 
on with the low-pressure boiler of any consequence wfaat- 
"er, — merely a giving way of the plates, or the wearing 
tt, not such a bursting as could be called an explosion. — 
'Conceived WooiPs mode of constructing boilers to be a 
Mnsiderable improvement, — a very material one. Hadlike- 
irise been told, though without having seen one, that Tre- 
Kthick had invented a method of making boilers by in- 
Cfeasing their length and decreasing their diameter, so as to 
render them capable of sustaining pressure to a much 
greater degree than heretofore, — In high-pressure engines 
the expansive force of steain was very variable, from thirty 
pounds to one hundred and twenty pounds upon the square 
inch, or even perhaps higher than that. Instances had 
been known in which a boiler had been worked at one 
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hundred and sixty and one hundred and eighty pounds.— 
Had no doubt but Cornwall had derived incalculable ad- 
vantages from the use of high-pressure engines. 

According to the general construction of low-pressure 
boilers, they were so riveted together, as to withstand the 
low pressiure they were intended to bear ; and they always 
gave indications of an increase of pressure long before any 
danger could be apprehended from them either by the 
joints giving way, or the steam forcing a passage through.-— 
Had witnessed several experiments on WoolPs engines; 
where the object was to ascertain the comparative expendi- 
ture of coals or fuel in grinding corn, between his engines 
and the low-pressure or condensing engines ; and the re- 
sults were decidedly in favour of Mr. Wo<[>ir8 engines. — 
Apprehended that there was no saving of fuel, or very little, 
in the common high-pressure engine.— i-The average effect 
ih^ooirs engine, was the grindmg eighteen bushels of 
wheat with one bushel of coals ; while the average effect of 
Bbulton and Watt's engine, or the low-pressure engines, wias 
the grinding of fnnn ten to twelve bushels of wheat with a 
bushel of coals. 

Seth Hunt, £sq# was called in, and examined. Had 
formerly been conunandant of Upper Louisiana. — ^Knew 
that in the United States a great number of steam-boats 
had been establkhed. The first was at New York. There 
were then running between New York and Albany, t^ 
boats : two between New York and the state of Connecti- 
cut ; four or five to New Jersey ; besides the ferry-boats, 
©f which there were four. These boats were all worked 
by low-pressure engines : no accident had ever happened 
to any one of them : they had been running since the year 
1807 ; and the boats at Albany performed about forty trips 
each per annum. — ^They went a distance of a hundred and 
sixty miles in twenty-one hours, and came down in nine- 
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sometimes a little longer, but never ehorter than 
beteen ; that was the quickest passas^. — Some of them 
pent about seven miles an hour in still water : some 
lats had gone nine, ten, or eleven miles ; but that was 
der particular circumstances. They had come from 
Rewbaren to New York (ninety miles) in six hours and a 
Hf, without any sail. — Those which went to Albany passed 
;> the North River; and the others, to Connecticut, passed 
rough Long Island Sound, forty miles broad in one part 
On the river Delaware there were a number of boats 
which plied between Philadelphia and 
1 New Jersey ; also others between Philadelphia 
and Newcastle, and Philadelphia and Wilmington, beside 
ferry-boats. Several of those boats had low-pressure en- 
-fpaes ; others had high-pressure engines, from one hundred 
t one hundred aud forty pounds on the square inch, and 
i at one hundred and sixty ; but those engines were 
-ucted upon Oliver Evans's plan called the Columbian 
^n. They were of wrought iron. — There were no boilers 
t in America. Presumed that might arise from tlieir not 
having founderiesin which they could cast themsufticiently 
large. They were all wrought-iron boilers, or copper: all 
which had to pass through salt water were copper. Thit 
boat Etna, which passed between Philadelphia and Wil- 
mington, was a high-pressure engine, and outstripped all 
_ t)ie other boats : there was no competition at all between 
Hpem. There were boats from Baltimore to Norfolk, which 
BpHpeed a part of the Chesapeak,Bixty miles in width. They 
lieve been to New London, which was titill more exposed; 
and had been up to New Hertford. Those were low-pres- 
sure engines. — ThePowhawton steam-boatwas built at New 
¥erk ; went into the open ocean ; encountered for three 
bys a very severe gale of wind, arrived safe at Norfolk, 
i up-to Richmond. The gentleman was now in England 
f2 
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wlio navigatinl her ; and had heard him «ay that lie felt 
p liimself as safe as be should in a frigate ; and he said there 
. -was this advantcige, that the steam power enabled him, 
when they could not have borne nails, lo put the head of 
L 4be vessel to the sea instead of lyin^ in the trough of the 
ea, being; exposed to be overnm by the waves. 
The larg^t steam-boats in America were those on the 
l,JMiBsiBBippi,the Etna and the Vesuvius which ply between 
I }iew Orleans and Natches, They were four hundred and 
fifty tons, and they carried two himdred and eighty tona 
merchandise, one hundred passengers, and seven hundred 
bales of cotton, besides the passengers transported to New 
Orleans. — Remembered only three accidents having hap- 
pened to steain-buats inAmericn, The first happened on the 
, Ohio, and was occasioned by the negligence and inattention 
tof the engineer, who loaded the safety valve, and neglected 
to attend the fire. Ail hands were engaged in hoisting the 
anchor: the fire was in a very high state, and of course 
produced a vast deal of steam that did not escape by the 
ordinary operation of the engine, which would otherwise dis- 
charge and carry it off. — Wliat was called the safety-valve 
bad been improperly loaded and neglected. — The next acci- 
dent happened not from any fault of any body, but from an 
act of God: it was lightning', as was satisfactorily explained 
f io the puUic, both by the passengers, and those interested 
in the boat. That was at Charlestown, in Soutli Carolina. 
The pipe which carried the smoke up lo the top attracted 
flie lightning, and it went down, and split the boiler. — A 
third accident happened lately to the Powhawton. She was 
Bot in operation when it happened: they were out of fuel; 
'' they stopped their boat, and lay still upon the water, while 
they went after wood ; still, however, they kept up their 
fire, and the steam was so high, that it exploded in that 
I iitwttion. there being no consumption of the steam as it 
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accumulated. Those are the only accidents tliat ever 
iiappeued, except such as have happened from vessels 
taking lire. 

No accideut had ever liappened in America to a big'h- 
presBure engine, either in a manufactory or out of it; and 
there were many engines used in the manufactories, and in 
flour-mills and saw-niills, constructed upon the plan of 
Oliver Evans, which acted on the big-li-pressure principle 
at one hundred and fifty pounds an inch. He had worked 
one hundred and sixty, but one hundred and twenty was 
his constant average. The fuel, in moi^t places, was wood ; 
at Pittsburgh, and on the Ohio river, it was coal and wood ; 
at Pittsbui^h, and at Laceliiig, and at a hundred other 
places there was a solid mass of coal fifty miles square. 
They drove a shaft horizoulalfy into the hill, and the coals 
were abundant above their beads ; in the mountains, as iine 
coal as any in the world. It was delivered at the houses 
of the inhabitants at sixteen bushels per dollar. 

The number of steam boats was rapidly increasing upon 
both the low and high pressure system, because they had dif- 
ferent interests and difl'erent companies. Mr. Evans being a 
patentee, they had togive something for the use of his patent ; 
if they could not uiake their bargain with him, they used the 
low-pressure engine ; but there was a new engine, built for 
one third of the money,coming into use in several of the steam 
boats, invented in America, a perfect rotatory engine ; and 
it was supposed that it would supersede all other engines. — 
Knew of no other guard than that of properly constructing 
(he safety valves, and the manner of loading them, so that 
they could not get on more than a certain weight; they must 
of course construct them strong enough, and prove them. 
They were under no Government regulations. — It was sup- 
posed that a rotatory engine cflnsumed less coals than one 
h a reciprocating beam. Twelve bushels of coals, with 
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the rotatory motiuiiy would perform the same work as the 
other engine with twenty, 

Mr. Timothy Bramah, of Pimlico, Engineer, called, in 
and examined. Did not think that a high-pressure engine, 
under any guard that could be applied to it, was a safe 
engine to use in a steam-boat.— ^Thought that if a bcnler 
was prepared to sustain one hundred pounds, and strained 
with a force equal to two hundred pounds, it might after- 
wards, perhaps, break at forty, the straining having injured 
it^ — ^Apprehended that a boiler, upon a proper construction 
of wrought metal, might be tried with a certain force, so 
small in comparison with that pressure which it was in- 
tended to bear, as not to incur any risk of being* injured in 
the proof, and have a complete surplus of strength, so as to 
enable it to be afterwards used without any danger in the 
use. — ^Would recommend the use of two safety-valves, one 
to lock up; and. to have it examined onc^ a week, or as 
often as might be necessary, to see that its action was per- 
fect. — ^Had seen many cast-iron vessels burst. The wrought 
iron generally tore and opened out, to admit of the fluid 
escaping ; it was generally the fluid which did the mischief 
when the wrought iron was used, and it was both the fluid 
and the materials which did the mischief when the cast 
iron blurst. The effect in cast metal was to carry the pieces 
of the metal to a considerable distance, which was seldom 
the case in the wrought, unless where there was any coU 
shut in the metal. The cast would burst like a shell, pro- 
jecting the particles of the metal to a considerable distance. 
— Where wrought-iron boilers had burst, the injury sus- 
tained by the individuals had arisen from the fluid's es- 
caping, and in cast-iron boilers it had frequently been by 
.the expansion of the metal. Copper being^purer was Aet 
subject to the same danger. 

Mr John Taylor, of Stratford, in Essex, called in and 
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■<i€zamined. Was acquainted with the accident which lately 
happened to the steam-bont at Norwich. Had beard that 
the plate of Cast iron was of inadequate thickness for the 
^rain to be put upon it. With respect to the impropriety of 
cast iron compared with wrought, had also constructed one 
of the high-pressure boilers precisely in the same manner: 
the boiler was proved to be one Iiundred pounds a square 
inch by the water-proof, commonly used witli about forty 
pounds' pressure ; but the cast iron broke one day with less 
than twenty pounds pressure of steam; the Iracture being; 
caused evidently by the heat expanding imequally and 
^^being kept from going to the form it would otherwise as- 
^pume, — Had seen the Well-street boiler intended to boil 
HiMigBr. The thickness was intended to be about two inches, 
or two inches and a quarter ; but by inserting the core un- 
equally, the thickness on one side was three quartei^ of an 
inch; on the other side the thickness of the metal was two 
inches and a quarter, or thereabouts ; therefore, to the ge- 
neral difficulty of cast iron was added a most improper con- 
struction. — Understood from the men who were working 
thca-e, that there had been something like a mercury gauge 
attached to it, but that the mercury never fluctuated. It was 
^nrobable there was a pressure of more than one hundred 
■■eundB, — Considered that a wrought-iron boiler might be 
^Bfeendered safe by the use of a column of mercury in a syphon 
or tube of sulHcient size. When that mercury was dis- 
placed by the expansive force of the steam, which would 
be regulated by the height of that tube, to admit of the 
efflux of the steam from the boiler as ^t as it was gener- 
ated by the fire ; in that case, the expausive force could 
not increase in the boiler, the mercury would be blown out, 
and the steam would escape. Conceived it essential to have 
a second safety-valve, which should be under the control 
£ the master or proprietor of the works ; and there was 
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another Bnia31 contrivBiice very important to the safety of 
the boiler. 

Boilers had frequently been weakened very much by 
the water having; been eraporated too low. To remedy 
this, a hole should be previously bored in the bottom, ri- 
vetted by a piece of lead, so that the lead would remain 
perfectly secnre as long as it was covered with water; but, 
the moment the water left it, the lead would melt, and 
the steam being blown throngh the hole, would put out 
the fire. Besides givin*r the signal of what was wanted, 
it would at once put an end to the cause of danger. — Con- 
sidered that the mercurial gauge acted as a safety-valve, 
which could not be stopped or put out of order ; and it 
had the advantage of exhibiting, during all times of the 
boiler's working, the state of the steam within the boiler, 
by the fluctuation that took place in that column, as indi- 
cated by the appearance upon the surface of the mercury. 
If the mercury became stationary, it might readily be sus- 
pected that that tube was stopped ; therefore it would point 
out itself instantly that it had become not what it ought to 
be. The safety-valve had not that advantage, as it did not 
indicate any thing till the steam wa8 blown out by raising 
the weight. — With respect to the value of high-pressure 
steam for working engines in Cornwall, of late a most va- 
luable improvement had taken place ; and if it was an ob- 
ject to save coal to steam-vessels upon a large scale, high- 
pressure steam became an object of great importance to 
them, if applietl upon the principle (liat Mr. Woolf had in 
the first place introduced, but which had been applied by 
Mr. Simms and others. Was of opinion that those high- 
pressure boilers might be made with equal safety as low- 
pressure boilers. — Had prepared a statement of the work 
done by the engines on the principal mines in the county 
of Cornwatl. It staled the consumption of coal and the 
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woiic done by eveiy engine llierein maned; firom whieh 
it appealed that the average w<»*k of engines then in the 
county of Cornwall was to raise about twenty millions of 
pounds of water one foot high by the consumption of one 
bushel of coals : that, by the introduction of high-pressure 
steam, under the best mode of managanent, an effect equal 
to from forty-three to forty-five millions pounds of water 
was raised to the same height by the same quantity of 
coals, thereby producing above double the effect.— A^^e^ 
bended that condensing or low-pressure engines were 
equally liable to be blown up by the carelessness and ift- 
attenticm of the engineer conducting them, with high-pres- 
sure engines. 

In France, at Crusal, some very good engines were 
erected by Mr. Wilkinson, at a very large work; they 
were on Boulton and Watt's principle : one of them blew 
up, and killed several people. — Conceived that the mercu- 
rial gauge, if of sufficient bore, might be applied with ease 
to the h^h«pressure boilers, so as to pr^uce safety as 
certainly as the column of water, which was in fact a 
water-gauge, such as was usually applied to the low-pres- 
sure.--— Conceived that there would be no difficulty in con-» 
structing a safety-valve, so as to operate with certainty, 
and yet be safe from any impediment which die engineer 
might intentionally place m the way of its operation, with- 
out incurring any very considerable expense. 

Mr. JoH9 CoLLiNGE, of Bridge Road, Lambeth, Engi- 
neer, examined. Weilt to Norwich, in consequence of the 
accident that happened to the steam-boat there. — Attri- 
buted the explosion of that engine to the construction of 
the boiler. It was composed entirely of wrought iroDj, ex- 
cept one end, and that was capped with cast iron. The 
cylindrical part was made of wrought iron. — ^Was of opi- 
nion that any matmal under very severe pr^ure was 
liable^ to failn a^d cast iron for tshis reason, because in all 
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large bodi^, it was found that the air could not wholly 
escape in the act of fusion. Had occasionally had large 
masses of cylinders and pans to break up, and frequently 
found cells where the air could not escape. There was 
certainly a much greater dependance upon wrought iron 
or upon wrought metal ; perhaps it would be better to in- 
clude copper. — Ii^ the event of any accident happening to 
the boiler, the greatest mischief would be likely to arise 
from cast iron, because cast iron flew off in fragments, and 
wrought iron fix)m its superior tenacity did not. — ^Remem- 
bered an accident having occurred at Maiden, where a 
boiler, nineteen feet long, was blown off the seat of its 
connection with the base. Had found, in making wrought- 
iron boilers, that, if they were made of metal of a con- 
siderable substance, they could not be so well united to 
make them steam-tight; it was a very difficult thing to do. 
The rivets that were applied to wrought-iron boilers were 
put in hot, and, when they were hammered^ to secure the 
joint, they got cold, shrunk, and did not always fill the 
hole through which they had passed. — ^Had no conception 
that any safety-valve could be applied to render th^n per- 
fectly secure under heavy pressure. — ^Thought the mercu- 
rial gauge would be the greatest safety for a boat, if it 
could be judiciously applied^ 

The condensing engines should not be more than four 
pounds to an . inch ; and, if the capacity of the vessel al- 
lowed of it, the condensing engines answered every pur- 
pose, because the making a wrought-iron boiler would be 
on such a scale of thickness, that, if more than the iisual 
pressure were applied, the rivets would fail, and constitute 
a security against any fatal occurrence. — ^Thought frmn the 
power that was wanted in steam-boats, condensing en- 
gines were the best engines applicable for that purpose. — 
Did not conceive it impossible to construct a wrought- 
ipetal boiler, with safety-valves properly adjusted te its 
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mcity, and a mercurial gauge supposing that to be ca- 
pable of being applied, which should render a faigh-pres- 
Bure engine, on board a steam-boat, what might be called 
perfectly safe, — Thought tliat in order to give security to 
the public in travelling by steam-boats, it might be neces- 
sary to have an examination of each engine two or three 
times a year, as it would create confidence. 

Mr. William Chapman, of Newcastle-upon-Tyne, 
Civil Engineer, examined. Conaidered all engines, whe- 
ther high-pressure or low-pressure, as dangerous to the 
passengers, unless due precaution was taken to emit the 
steam, when exceeding a given pressure; for, in low-pres- 
sure engines, the boilers were always liable to burst, or to 
alter their force, when the pressure became greater than 
the resistance. All wronght-iron boilers, but those that 
were cylindrical in the section, and with hemispherical 
ends, or portions of spheres, or cones, or coniads, were 
liable to alter the form by the natural expansive force of 
the steam, and therefore all boilers of those forms owed 
their safety to their weakness, because, if weak, they would 
alt^r their fonn without danger, and, if strong, they have 
been known to bend the iron so abruptly, as to break 
asunder. — There were high-pressure engines, working 
with a force of from fifiy to sixty-five pounds per inch, 
and no accident had happened to any of them but to one, 
the safety-valve of which was stopped up by a man sitting 
upon it purposely. He said, he would have a good start, 
and surprise them. The consequence was, the boiler blew 
up, and killed and wounded a very considerable number 
of people. — Considered that the high-pressure engine 
coidd only be rendered safe by having the boiler of the 
form already described, and the cylindrical part of an un- 
limited diameter, with a competent thickness of wrought 
^ iron or copper, and the plates secured to each other by a 
Httbuble line of rivets. It was also requisite that there 
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should be two eafety-valves, each laden with any determi- 
nate weig'ht per superficial inch of the narrowest part of 
the seat of the valre. One of those valves should be at 
perfect liberty to be raised at the pleasure of the manager, 
because sometimes it was expedient to raise it. The other 
should be under a cover of such description as not to be 
opened at all at the discretion of the eng'ineer, but with suf- 
ficient apertures fur the emission of tlie steam, and for any 
of the passengers to see that the valve was not made fast. 
It was also requisite that there should be a mercurial g;augo 
I of not less than an inch in diameter, and whose l<mg;est 
' limb should not be greater than two inches and one-eighth 
for every pound per inch upon the safety-valve for each. 
It was necessary, by occasional inspection, to take care 
that the mercury did not stiffen by oxydatlon, occasioned 
by the heat and motion to which it was in a slight degree 
liable. — Conceived that a high-pve^iire »)giue, thus 
Ifuardei], might be used with perfect safety on board a 
' keam-boat, so long as the boiler was kept in order ; but 
I Uie boiler bottom was liable to corode or consume by the 
I action of the fire, and therefore required watching. — 
' Thought a boiler might last twelve months, provided its 
I bottom nas made of charcoal-iron, beat, not rolled, be- 
ise there was a great deal of difference in the grain, — 
I W^ould recommend all the boilers on bonrd steam-hoats to 
, he made either of copper, or charcoal-iron plates, heat un- 
l der the hammer, and not rolled. The resistance of the cy- 
\ Kndrica! boilers would be precisely in the inverse ratio of 
die diameter. 

Mr. Philip Taylor, of Bromley, Middlesex, Mannfac- 
taring Chemist, examined. Considered the first and most 
material point to attend to in the construction of high- 
pressure boilers was, that their diameters should be small 
in proportion to their capacity; that as smalt a proportimi 
of dK external sm-face of the boiler as pasMJble should Iw 
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nposed to the deRtructivp action of the fire; and that that 
portiun of the boiler which was subjected to the action of 
the fire should be so situate and guarded, that in case of 
explosion, the least possible mischief should arise. In all 
boilers which he had made use of, no portiun of the boiler 
was exposed to the action of the fire, without its beiog 
constantly covered with water. In the boilers constructed 
nnder his direction, the fire was applied under an arch of 
not more than two feet and a half in diameter: this pro- 
vided against any extensive rents taking' place in the event 
of explosion. All the boders he bad hitherto employed 
bad been constnicted of malleable iron, commonly knoivu 
by the name of charcoal- iron, rivetted together, and se- 
cured by sti-ong wrought-iron bolts. From observing; the 
(lang'cr arising from the introduction of flat cast-iron eml», 
fae bad invariably terminated the ends of the boders by 
wrought-iron ones, nearly hemispherical: this mode of 
construction, so far as his experience had gone, combined 
more strength and durability than any other. The pre- 
cautions he had used to guard against the nuisance of such 
boilers, had been by adapting to them two safety-valves ; 
one under the control of the engine man, the other secured 
in a strong cast-iron case, locked down, and loaded with 
such a weight, as would suffer the steam to escape when 
it had arrived at an improper degree of expansive force ; 
safety-valves not having at all times answered the purpose 
intended. Had, likewise, in every instance, attached to 
the boiler a mercurial column, the bore of which was pro- 
portioned to the size of the boiler; and considered an iron 
lube, of an inch diameter, sufficient to guard against acci- 
dent, when applied to a boiler four feet in diameter and 
twenty feet in height ; because the limit given by such a 
colimm came for within the limit of absolute safety. The 
eKternal tmbofthe merrnrial gauge had, in all cases, been 
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proportioned to the strength of the boiler applied; taking 
care that the expansive force of the steam would displace 
the mercury long before any dangerous expansive force 
would arise. 

In order to guard against the boiler being injured by 
the action of the fire, from a deficient quantity of water in 
die boiler, had inserted a leaden rivet in such a situation, 
that it would melt as soon as it was uncovered by the 
water, and produce an opening, which would suffer the 
escape of the steam. — Considered cast-iron boilers safe, 
provided their various parts were made of small diameters 
in proportion to their capacity ; such, for instance, as those 
constructed by Mr. Woolf. — ^Thought that a boiler . con- 
structed on this principle was equally safe widi those 
called condensing engines, because a greater attention to 
strength is always paM in the construction of high-pressure 
boilers than in the construction of those for low-pressure 
eng^es, in proportion to the pressure they have to sustain. 
— ^The higlu-pressure engine, constructed by Mr. Wool^ 
employed not only the expansive force of the steam, but 
also that power which was acquired by its condensing; 
and the effect in Cornwall had been, that engines <m this 
construction had done double the quantity of wcnrk widi 
the same quantity of fuel. — Should consider any measure 
tending to impede the use of high-pressure engines in- 
j\irious to the country. 

Mr. Henry Maudsley, of Lambeth, Engineer, ex- 
amined. Never considered high-pressure eng^'nes were 
applicable to boats, because the purpose of high-pressure 
engines was to save water, and water could not be wanted 
on board a vessel ; the difference between the one and the 
other made no saving, either in the weight or expense, 
taking it ultimately, particularly when steam-boats were, 
properly contrived— —Built the Regent steam-boat with ^. 
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'-pressure engine. There was a dispute between two 
~~raen, and one of tbem swore that he would blow hia hoiler 
np but be would beat the Regent in cuining up. The 
man e^rtainly did exert bimself as much as he could, and 
kept his st^am as high as he could get it, and it flew out of 
the safety-yafve very frequently, and he burt bis boiler 
materially irom doing so ; but he did not beat the Regent: 
but, if it had been a high-pressure engine, he would either 
have beat her, or blown up his boiler, because he had the 
power in his own hand. Had employed tno and some- 
times three safety-valves: to make it qnite easy for the 
man tu move tbera, bad a sort of bell-pull to pull it up 
every hour, if he pleased, to keep it in action ; because, it 
was clear, the spindle might corrode and stick fast for 
want of use. Supposing it not touched once a week, it 
would not be a safety-valve any longer, because a very 
little friction would add a great many pounds weight to 
the opposition the steam ought to meet with. — Never knew 
a low-pressure engine unsafe, but it appeared that higb- 
pressure engines had been. — Conceived that the same mo- 
tive which would induce the engineer to work it with au 
improper pressure, would indut'C biin to leave it un- 
touched, that it might have an improper pressure. — Con- 
sidered that wrought iron was extremely safe, compared 
to cast iron. 

Mr. Alexander Gallaway, of Holborn, Engineer, 
called in and examined. Would recommend that, for 
steam-boats, the condensing engines should be used in 
preference to high-pressure engines; and, for tliese rea- 
sons : In the first place, the great advant^^ promised 
from a high-pressure engine was, that it could be worked 
in a situation where water could not be procured, and 
therefore it was, for such a. situation, a valuable machine; 
but, iu situations where water could be readily procured, 
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it was not so. And m reference to tbe comparative price 
between a high-pressure engine and a low^ressnre. ^v- 
gine, and in reference to the space that it occupied, and in 
reference to the superintendence that it required, it was 
decidedly evident no economy was produced. Speaking 
of it as a matter of safety, it would be necessary to say,. 
that experience had fully proved that the maximum of 
force to be obtained by a condensing engine was when, the 
st^mi was rarefied from three to six pounds on the indu 
The ^igine was then by far more efficient than when the 
steiam was rarefied beyond that point. And it would ap- 
pear equally clear, that whether it was a cast-iron boiler, 
or a wrought*iron boiler, or a copper boiler, the force of 
tbe engine was better performed by steam at three pounds 
and a half than at any increased expansive force ; the 
boiler being subject only to three instead of six pounds, it 
must, be less liable to explode or burst at that than at an 
increased expansive force. Would farAer say, that every 
man that was called to work a condensing steam-engine 
knew, tibat, when his steam was at three pounds and a 
half, it performed a greater quantity of labour than at 
any other time ; for, if it were increased, a vast labour was 
thrown on the air-pump and the condenser, and die engine 
retarded ; therefore, a man had no inducement to increase 
the expansive force of the steam, knowing that no useful 
end could be obtained by so doing, but giving himself ad- 
ditional labour, and consuming more fuel, and performing 
less work. 

• All boilers on board steam-boets should have the fire 
in the interior of the boiler, because it was of very little 
importance, when upon the subject of safety, whether the 
passengers were to be endangered by aii explosion, ^ 
wh^her the vessel was to be weakened in its timber^ or 
essentiaF security, by the improper application of the fire 
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to the boiler ; would therefore recommend that the lire 
should be contained in the interior of the boiler, and that 
there should be an additional safety-valve, which should 
be solely subject lo the super intend ance of the proprietor, 
and that the manager of the machine should have no pos- 
sibie accpjw to it. — Would certainly recommend a wrought- 
metal boiler in preference to a cast-iron boiler; and the 
reason was clear, that the operation of casting, however 
ikilfnlly managed, was always an uncertain process. — 
Thought that if an additional safety-valve was applied to 
a Ttoiler, and that safety-valve placed beyond the power of 
being interfered with by any person but the proprietor, 
len the boiler would be se'ciu'e from explosion, if the 
:ly-valve should be judiciously loaded; but if the 
safety-valve was even placed beyond the reach of the ope- 
rator, and at the same time injudiciously loaded, a calamity 
might take place, the same as if no such security existed. 
— Under all the circumstances of the case, would most de- 
cidedly reconunend a condensing engine; a condensing 
engine, with a wrought-iron boiler; because, when cast 
iron became subject to high expansion and contraction, the 
constant repetition of those efi'ecls iu a very great degree 
ipaired the strength of the boiler. — Would venture to 
', that all engines in steam-boats should be subject to re- 
'^olation and inspection by competent persons. 

A steain-boat must have a register ; and, before such a 
register should be granted, the engine should be inspected, 
to see whether it was of a character to deserve its Iteing 
considered safe. — Was quite satisfied, tliat, taking for 
granted that condensing and high-pressure engines were 
judiciously formed, the one woidd take as much fuel as (he 
other, and there would be no material saving, if any ; but 
if two principles vete associated together, as in the case 
ol' Woolf's engine, there would be a considerable saving. 
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Mr. John Braithwaite, of the New Road, Fitzroy 
Square, Engineer, called in and examined. With r^tpect 
to high-pressure steana, would engage to make a boiler, or 
-direct one to be made, which would defy any engineer, or 
other person, to blow up, or burst ; and had lately erected 
Hye boilers, which he was ready to prove to any gentleman, 
and even to any engineer, that they could not destroy them* 
•«— Recommended to Mr. Martineau, for whom he erected 
them, that, as there had been an accident in his neighbbuh- 
bood, he ought to have a boiler to bear three times the 
pressure he meant to put upon it ; and, if it did bear th^ 
pressure, and they applied two safety-valves, with a mer* 
curial steam-gauge properly weighted and adjusted (one 
of those safety-valves being at the will of the person about 
the boiler, and the other locked up) it would be impossible 
to explode a boiler of that description. — Saw the boiler 
after it was exploded at Wellclose Square ; and also con- 
versed with one of the men that was saved, who said, that 
he had carried an additional weight to put on the safety- 
valve just before it exploded ; that the mercurial gauge 
there was plugged up, so that it was useless ; besides 
which, instead of the safety-valve being weighted equal to 
forty-five pounds, they added a double weight, which in- 
creased it to ninety-pounds weight upon an inch, and the 
boiler was very improperly made. — Would reconunend 
wrought-iron boilers in preference to cast, on board of 
steam'-boatSi 

Mr. John Hall, of Dartford, Engineer, called in and 
examined. Had only to observe, that he made his boilers 
of cast iron, and proved them by an hydraulic press, made 
for the purpose ; and had gone as high as two hundred and 
fifty pounds to an inch, which he considered enough. N(^ 
thing happened ; and he meant the next time to try what ^ 
they would bear ; atid had no doubt they would bear from 
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iren liimdreil to one tbotisand puunds to an inch ; for be 
belieyed they could be made atrong'er tbaii wrought-irori 
(wilers ; wrou^hl-iron boilers beiti^ rivetted logetber, could 
not be so strung as those east in a solid mass. — Had a 
boder made composed of three tubes on a large one, and 
two smaller ones below ; tbe lower tubes which were ex- 
posed most to the fire, had cracked, generally by ccwling, 
after the engine had done working. Had known that in 
three or four instances ; perhaps in an hour after the en- 
gine had done workuig-, the tubes below had cracked, and 
the other not, — Supposed that in the eveut of explosion 
the greatest danger would be from the wrougbt-iron boiler. 
— Considered it quite practicable to adjust a safety-valve 
to a boiler, which should not be accessible to the engineer, 
but which should sufficiently protect the boiler from mis- 
chief, and which once adjusted, would always act, and 
might always be depended upon. 

Mr. Alexander Tilloch, of Islington, called in and 
examined. Was of opinion, that attending to what should 
be attended to in every steam-engine, and employing proper 
engineers, a steam-engine would be perfectly safe, whether 
with high-pressure or low-pressure steam. The boilers 
ought always to be furiiifthed with safety-valves, one of 
which should be covered, and out of reach, with a box 
over it, but perforated, so that it might be seen when the 
steam operated on it. A mercurial-valve is also very good, 
that is, an inverted syphon, with a column of mercury, 
proportioned to the purposes for which it is to be employed. 
— Did not appi-ehend much danger to arise, in case of ox- 
plosion, from the mercury, because the tube being always 
perpendicular, the mercury, when shot out, would fall 
down in rain. Was of opinion a boiler might be made 
safe, either of wrought or cast iron ; but, for great strain, 
prefer cast iron, contrary to the opinion of many 
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people; and the reason for this preference was tike sai 
for which it was preferred in making cannon. . It was i 
possible to get thick plates of wrought iron p^ 
throughout, and it was necessary to trust at last to rit^ 
m joining them ; but cast-iron boilers could be made 
any strength* Instead of having a boiler that would sta 
sixty, it might be made to stand six hundred of eitl 
wrought or cast iron. Another reason why he would pi 
fer cast iron was, that the sheet iron corroded mu 
quicker, and was destroyed by oxydation, so that a boil 
might be safe when first set up, and stand its proof, ti 
very soon become unserviceable, or at least, comparative 
so. Boilers should always be cylindrical, and for an o 
vious reason : capacity should be got by length and nm 
ber, rather than by diameter. There was no more dang 
to be apprehended from steam, as to bursting, than frc 
the emplojrment of condensed air, only that the wal 
might scald : but, as to the danger of the fragments beii 
scattered about, it was the same with air as^ with stea 
and yet all the engineers constantly employ cast-iron i 
ceivers, condensers, or air-vessels, where pressure w 
wanted. — -In case of actual explosion, should think t 
greatest mischief would arise from the cast-iron boiler.: 
Was aware that there might be cavities in cast-iron, bui 
boiler being proved to a strain beyond that it was to 
exposed to by heat, the safety of the boiler was secure 
for the temperature never coi|ld be at that point whi 
would endanger a fracture from diat circumstance. 

Mr. George Dodd, Civil Engineer, of Oxford Stre 
stated, that out of five steam-iboats under his directic 
only two had sufifered by partial accidents, and these we 
o^ving to the carelessness of the engine workers. £ 
boilers were made flat sided, with flat and dome roofs, t 
largest of them containing at least fifteen hundred rive 
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bof which ID some measure answered ihe purpose of a 
fety-TaJve. — Was of opinion that to all boilers there 
oiild be two safety-valves. The one which would be 
cessible to the engine worker should be loaded with the 
nimuiu of the pressure that the chief engineer saw 6t 
tt the boiler should sustain; and that the one which 
luld be inaccessible and locked up, should be loaded 
nai to the ultimatum tiiat he would, under any circum- 
nces^ permit the boiler to support. — ^ Would not allow 
! safety-valves to be loaded with more than half the 
ight which had been previously tried, and found the 
iter was capable of supporliuff. — Was of opinion that a 
iler whose sides and ends were flat, if properly coox: ^ 
ucted, and of suflicient thickness in the plates <^4 
ought iron, might be safely used on board steam-boatn 
?ing tlie low-pressure engine, — In the Richmond steam 
It the fire was entirely surrounded by the water. It. I 
B the case also in the Majestic ; but, in the Thames, and 
the new boat to Richmond, and the new boat to Graves- 
1, they were what was called open furnace-moutlis. 
ider the furnace-mouth was placed an aah-hole of cast ' 
n, bedded in clay, and upon fire-bricks. — Recollected' 4 
: boiler uf the Caledonia, London and Margate steam- 
?.ket, bursting at sea, by the forcing out of three of the 
ets over the furnace-mouth, which extinguished the 
;; but it was not productive of any injurious cous^ 
Slices to any of the persons on board ; and the Cork and ( 
ve packet-boat in Ireland, with two hundred and fifty ' 
cers and soldiers on board, burst her boiler when lying 
ngside of the transport that was i-eceiving the troops, 
e bursting made a fissure, or opening, of nine inches by 
hteen inches ; but the steam which escaped did no iu- 
y either to the persons on board or to the vessel ; nor 
• it Appear, under any cir^unutauces of the bursting of 
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a Wrougfat-iron boiler at the low-pressure, the steam not 
being more than ten or fifteen pounds to the inch, that the 
steam which might be suddenly let loose or disengaged 
would have power sufficient to raise the deck of the vessel, 
or to injure the parties on board. 

The Richmond steam-yacht cost, in the first instance, 
including the engine, £ 1800. The engine itself cost 
about £1000. The Majestic cost about £2000; and 
the engfme about £2000 more. The Thames cost £2500^ 
including the engine at about £1200. In the new vessel 
built to go to Richmond, the hull and joiners' work 
cost £750^ and an engine of fourteen-horse power, and 
apparatus, cost £1170. The hull of the new Graven, 
end steam-yacht cost £750, and the engine £1370; but 
there were various other expenses before these vessels 
could be finished. — ^Had just got a new boiler from Messrs. 
Jessop's, of Biitterley, for the Thames, steam-yacht, which 
was charged £215.— ^A safety-valve would cost about £4 
and a mercurial tube for the same purpose £2. — ^Had de- 
clined purchasing the Norwich steam-packet because it 
had a high-pressure engine. — Went with a party of Ger- 
man gentlemen from Bremen, who were anxious to make 
an immediate purchase of *a steam-vessel; and they also 
declined to purchase that, or any of the boats upon the 
river Yare, solely because they had high-pressure steam 
engines on board., 

Mr. Richard Wrioht, of Blackfriars Road, Engnieer; 
called in and examined. The boiler of the Norwich steam- 
vessel was eight feet long, with a cylindrical boiler four 
feet two inches diameter ; it was first made with an int^- 
nal-ang^e iron at one end, and an external-angle iron at 
the other end. In consequence of the internal-angle iron 
having given way, a cast-iron end was substituted, which 
certainly Was not accurately performed. It ^as originally 
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intended to sustain a pressure of forty pounds to the inch. — 
Should think that botli wroug:ht and cast-iron boilers luig'bt 
be used with equal safety ; but that, in proving tliein, they 
ought to be kept under the pressures considerable time, 
say a quarter uf an hour, or half an hour. Sudden pres- 
sure may cause flaws in a boiler, which may give rise to 
accident afYenrards ; hut, if under pressure a considerable 
time, the action of it might be seen, 

Mr. John Riciiter, of Cornwall Place, Sugar Refiner, 
called in and examined. Was acquainted with the cir- 
cumstances attending the explosion of the engine at the 
sugar house in Wellcluse Square ; and bad attended from 
time tu time, duruig the whole period of the construction 
of that boder, for the purpose of boiling sugar by means of 
high-pressure steam ; it ivss necessary they should have 

itt pressure of from six and thhty to 6ve and forty pounds 
to an inch. — Saw the boiler when the bottom only was 
put up, and was at that time infonned that they had cast 
the dome pait of it, and that it was not sufficient, and that 
they were casting another. Some months afterwards, 
found that other placed there. Saw them at work ; and 
was informed by Mr. Haigue, who was the engineer, that 
they were boiling at eighteen pounds an inch, but found 
the index of the gauge standing at five or six and thirty. 

It was a mercurial gauge, intende<l as an index, and 

measuring inches. In consequence of complaints from 
Constant, the Frenchman, in whose house it was, that it 
would not do its work, and his fears in pressing it on 
to do its work, the maker uf it became anxious to shew 
that it would, and a day was appointed tor this to be 
dune. Constant, at three o'clock in the morning, be- 
gan his work, and continued boding till about eight, 
but boiling with a great deal of difiictdty, because 

rjie was afraid of putting the engine to the pressure 
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fae required. He gave it up; he siiitl he would boil 
more; and the men in attendance, who belonged to 
\ the eng^ineer, went to fetch the eng;ineer. He and h>§ 
I men came down, and persuaded Constant to have the 
L fire lit ag^in. He consented, after a greot deal of dif- 
L ficitlty, and went to another pan in an adjoining building', 
L «tid there he was at work when the accident happened. 
r They were urging the steam, and actually Lad put an 
L JBoiDense weight upon the lever of the valve, so as to ren- 
L der it totally useless. This was ascertained by a Frenrh- 
l man, who saw it, and who stated to the man that he 
s doing mischief, and doing wrong. He was told to 
L bold his tongue, and mind his own business : that he 
i knew his business, and they knew theirs: the ronse- 
E quence was, that immediately afterwards it blew up. After 
Vt&is accident went every day to the ruins, for the purpose 
L af ascertaining what had been the cause of the bursting; 
[ tbd saw the excavation, until the parts of the boiler, which 
[ was of oast iron, were found, and then finding parts of this 
L boiler in different places, the seat of the boiler beingwhere 
I k had been placed, but the rest scattered about in different 
[ directions. The bottom of it was two inches and a half 
1 fiiiek, the upright sides of the bottom one inch and a half 
[ thick ; the lower part of the dome was seven -sixteenths 
\ ihick, and one of the parts at which it nmat have burst, 
I Mid where the boiler was completely defective in the cast- 

ilBg, was less than the eighth of an inch thick ; it was not 

tbickerthan a crown-piece; thewonderisthatitstoodatall. 

— It was not intended to be worked above forty-iive, and 
s ordered to be made to sustain the pressure of a hundred 
i pounds to an inch. Tlie whole house was blown to pieces, 
I' which arose from the fragments of the boiler striking the 
I fltory posts, by which the support being taken away, the 
L*>H" fell inwards. 
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f Steel, of Dartford, Engineer, called in and 
examined. If it w*as requirad to make the stro»g«6t boiler 
imaginable, should consider cast iron preferable, because 
it could be got to an unlimited strenglh of resistance, while 
wrought iron could only be had of a certain thickness. — 
Was of opinion that the proof arising from the pressure of 
cold water was sufficient to ascertain the safety of a boiler, 
which should afterwards be exposed to the operation of 
fire, or of highly heated steam ; cast or wrought iron being 
at its greatest strength at 300 d^rees of heat, which had 
never been arrived at yet by steam, — Considered the mer- 
curial gauge, and two safety-valves as essential in the con- 
struction of boilers ; and was of opinion, that, by the adop- 
tion of those precautions, high-pressure steam might be 
■.d with safety, either with wrought-iron or cast-iron 



Mr. William Brunton, of Birmingham, Civil Engineer, 
called in and examined. Had been concern€td in making 
boilers for high-pressure engines, which might be so con- 
structed as to become useless before they were dangerous, 
upon the principle of having the exterior part of the boiler 
mdependent of the flue, so much so, that, while the Hue is 
injured by the current action of the fire, the exterior part 
of the boiler remains, as to strength, unimpaired. — Con- 
ceived that a boiler thus formed, when the flue has been 
worn very thin, and then exposed to a greater pressure 
than it could sastain, the thin parts of the flue would act 
as so many safety-valves. — Believed it possible to construct 
boilers which would bear an expansive force of six hun- 
dred pounds to an inch. — Usually employed two safety- 
valves; one in an iron box under lock and key, and that 
only at the control of the proprietor, and the other open to 
the engine man ; and a mercurial gauge as an inverted 
lyphou, which, in the event of. the steam being stronger 
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than the mercury can sustain, the mercury will be driven 
out, and the boiler thereby relieve itself. 

In the high-pressure boiler, the injury which would arise 
from its bursting, would be done principally by the frag- 
ments projected ; in the low-pressure boiler, the mischief 
might arise chiefly from the hot water and steam. Could 
mention two instances in illustration of this ; the first of a 
low-pressure boiler having given way in the bottom, when 
a stream of hot water was projected against the engine- 
man, causing his death ; the second instance was of a high- 
pressure boiler, in which a hole was suddenly opened, the 
water projected itself, and completely wetted a boy, stand- 
ing within a yard of the orifice, who was not at all injured 
thereby. Should say the fragments trom the cast-iron 
boiler would be equally destructive either with a high or 
with a low pressure. Considered that the fragments from 
a wrought-iron boiler would be projected- with equal force 
with one of cast iron under equal circumstances. — Knew a 
wrought-iron boiler which burst with high-pressure steam ; 
and a fitigment, the largest piece, was carried to the distance 
of one hundred and fifty yards. — Was induced to prefer 
wrought to cast-iron boilers from the exaihination of seve- 
ral cast-iron boilers, which were cracked or broken in the 
lower part of them, which appeared to arise from the une- 
qual temperature and expansion in the exterior part of the 
boiler, which was caused by a quantity of water at all times 
under the flue, and consequently of lower temperature than 
the water above the flue : thereby causing the upper part 
of the boiler to expand in a greater ratio than the under 
part of the boiler. 

For steam navigation, would recommend a wrought-iron 
boiler, if properly constructed, and, at least, two safety- 
valves ; the one to be placed under the lock and key of 
the proprietor of the vessel, so secured as not to be acces- 



STEAM NAVIGATION. 91 

pihle to the cturine-man ; atid one over which the engin^- 
nao had the usual control. — Would recommend the valves 
to be nearly flat, or quite so, as they would be less liable 
|o be fastened by the difference of temperature to which 
Ibe valve and the seat might occasionally be subjected. 
Mr.GEOBGB DoDD again called inandexamined. Had 
II board and waswell acquainted with twenty steam- 
Ijwats; knows that there are more than forty in Great 
Britain; many of which had cost £5,600, others £6,000, 
1 one on the Thames above ji 10,000 ; considered a fair 
Rverage to be £3,500 each, making the vested capital 
£140,000. Most of them were 6tted up with peculiar ele~ 
gance and accommodation, the furniture and decorations 
llone forming an expensive item ; they were also very ex- 
pensive to maintain, especially on the Thames, by reason of 
the great cost of coal. They were most numerous on the 
Clyde, where they had been productive of essential benefit 
to the general commerce and IraiKc of Glasgow, Port 
Glasgow, Greenock, and (he neighbouring country. — Ali of 
them had low-pressure condensing engines, and wrought 
theet-iron rivetted boilers, except the remaining steam- 
tats between Yarmouth and Norwich, and one in Holland, 
^uilt at Yarmouth; and they were high-pressure engines. 
Mr. Josias Jgssop, of the Adelphi, Civil Engineer, 
sailed in and examined. Had no doubt but what thelow- 
j>ressiu'e boiler was more secure than tiie high-pressure, 
ret, from the natural wear and tear, both were liable to 
■accidents. If an accident happened to one of a high-pres- 
ire, its consequences certainly would be more dangerous 
Ltban that of a low-pressure engine, — Thought that tu en- 
't fture safety, the boiler should be able to withstand the proof 
of two or three times the pressure to which it was after- 
wards likely to be put, or rather the pressure lu which it 
(diuuid be limited; if, for insltmce, it was meant to work it 
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at fifty pounds' pressure, and it stood the proof of one 
hundred and fifty pounds, the presumption would be that 
it was secure; but, in the course of two or three years, iany 
boiler would wear out. — Would reconunend an additional 
safety-valye, to which the person working the engine should 
iiot hav:e access. 

> Preferred malleable iron or copper fcH* boilers, because 
it would not burst by an explosion as brittle metal would ; 
it would probably rend at the joints. — Was of opinion that 
the boiler should be adapted to the shape of the boat ; and 
that being taken for granted, the safety would depend upon 
the strength of the metal, and not upon the form.. It should 
be made of such strength, that any indenture would not 
affect it. Althou^ the form approaching to cylindrical 
was of course stronger than any other form, that which ap- 
proached nearest to a sphere was the strongest, but a cy- 
linder with hemispherical ends was best. 

Mr. Alexander Nimmo, of Dublin, Civil Engines, 
called in and examined. Was of opinion that the best 
form for the safety valve was Aatof an h^nispherical cup, 
with its convex surface do^vnwards, resting upon a collar, 
and to the bottom of the cup a weight was to be hung, 
which had previously been adjusted ; by this means, the 
valve was isteam-t%ht in every position, yet without danger 
of adhering, and nrast be lifted by .the steam when it ex- 
ceeded a given pressure; but the valve might also be lifted 
by a chain attached to its upper side, which was inclosed 
within the iron case, and might be drawn up by the ei^ine- 
man, or any person on board, and which did not allow him 
to kei^ it down, or to amfine it Had also found it neces- 
sary to prevent the accumulation of water upon the top of 
this valve, arisii^ from the condensed steam, when escap- 
bg ; this was done by a small waste-pipe descending from 
the bottom of the pipe which conveyod away the waste 
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Had tfiought itadvu^abletomake the steam-valves 
that the weig'ht which was laid on, being of itself 
', might easily admit of addition. Employed two boilers 
bommuni eating', and two safety-valves; and a mercurial 
gau"^, provided with receivers, eo as to prevent the loss of 
the mercury in case of any sudden coilapsation or disenga^e^ 
ment of steam, also a tube of glass attached to the boiler, 
which exhibited the level of the water in the boiler, and 
precluded any idea of danger in the minds of the passen- 
gers. — ^Was of opinion that the construction of the cast-iron 
boiler admitted of its being made of wrought iron with 
«qual strength ; then the explosion of the cast iron one 
Mrould be more dangerous, as it would fly in pieces, where- 
ms the other would probably tear. 

It was scarcely possible to form cast iron every where 
equally strong, and if a part be weaker than the rest, either 
on purpose or by accident, that would not have the safety 
that would be obtained by a wrought-iron boiler : for in- 
stance, in cast-iron boilers, it was common to have holes, 
and if these were tilled with some metal of ditTerent melt^ 
ing temperature from cast iron, more fusible for instance 
than that, the juncture would part first, and it might be 
made to tear as a wrought-iron boiler would do ; and again, 
wrought iron was so much more liable to oxydation 
1 cast iron, that although found very efficient at first, 
strength and tenacity might be very speedily altered ; 
for these reasons, cast-iron boilers had been preferred where 
high-pressure engines were used ; and, in small tubes, 
Ae tenacity of cast iron could be made greatly to ex- 
fceed that which could be given to wrought iron in the 

Mr. Author Wooi.f, of Pool, in Cornwall, Civil Engi- 
Hed in and examined. Approved of the cast-iron 
lilers in preft-rence to any mixture of metals, particularly 
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those compoaed of a number of tubes ; it hein^ always iie- 
cesaary in boilers to have a certain quantity of surface ex- 
posed to the action of the fire, to contain heat and steam ; 
and if that were done in one vessel, of course it must be of 
considerable size greater in diameter than if composed of a 
number of tubes; and the risk of explosion is in propor- 
tion to its quantity of surface. — Considered his patent boil- 
ers calculated for every purpose; they were generally 
adapted to hi^h-preseure steam ; his patent was taken out 
for a safe boiler for a high-pressure engine ; indeed, in his 
own engines, he did not work the steam to that height as 
was done in what were called the high-pressure engines, 
as the novelty of his engine was that it worked the steam 
twice over. — Made his boilers to stand from fourteen to 
twenty times the pressure he ever made use of, and em- 
Bjiloyed two safety-valves, — Did not think that the wrought- 
Firon boiler, would separate into so many pieces as thecast- 
n boiler, but had no hesitatio 
foilers were safer than wroiight- 
Uiron boiler stronger and n 
F^eat pressure than %vrought-ir( 
FiRire was not wanted, wroiight-iron could be made suiBci- 
r^tly strong to depend on; and was of opinion, that as 
Fjrr*«t a number of accidents had happened from the burst- 
Bg of wrought-iron boilers as from cast ones. 
Mr. Andrew Vivian, Miner and Engineer, of Cam- 
f tome, in Cornwall, called in and examined. Considered 
r ftat the danger attendant on working steam engines arose 
p from making the steam vessel of insufficieDt strength for 
rike steam ; every engineer ought to be well acquainted 
^ with the power of the steam, and make the steam-vessels 
1 proportion to the strength of the steam required. — Re- 
wmmended the use of not less than two safety-valvts 
I every boiler where a high pressure of steam was re- 



1 in saying, that cast-iron 
n boilers. — Could make 
e to be depended on for 

n ; but where great pres- 
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quii^d, and that the boilers be made of sofficieAt utreagA^ 
and proved before used. — ^To prove the boiler, it was first 
necessary to fill it with water, loading the safety-valyes 
with ten or twelve times the weight reqaired for the engine^ 
and then by injecting water into them, so as to lift Aase 
valves with ten times the weight required. — Conceived that 
a boiler so proved, and furnished with safety-valves, pnw 
perly adjusted to its contents, was perfectly safe in workim^ 
with steam, whether high or low pressure. — ^Was accustom- 
ed to load the engines in the mines under his direction, to 
about forty pounds an inch; and the valves were then 
loaded to about forty-fi ve pounds. — ^Thinks it very possiUe 
to lock up one of the valves, which may be so constructed 
as not to be liable to accidents from explosion. — ^Did not 
see any reason why, in any situation whatever, the use of 
an engine should be limited to the low-pressure, or that 
which is usually called the^ condensing engine. — Conceived 
that cast iron could be made much strcmger than wrought 
iron, with less difficulty ; some of the cast-iron boilers 
being made two inches thick ; and to make a wrought-iron 
boiler equally strong as that, would be very difficult to be 
accomplished by workmen. — Had known of no accident 
with high-pressure steam and cast-iron boilers ; but had 
known an accident happen working with Boulton and 
Watt's low-pressure engine, which was on the 28th of 
November, 1811, in Wheal Abraham mine; a wrought-iron 
boiler, working with low-pressure steam, exploded there, 
and scalded six men, three of wh(»n died of the bums they 
received in the course of a week afterwards.^— Did not re- 
collect any instance in which a wrought-iron boiler ex- 
ploded, so as that any persons were killed by the frag- 
ments. — Did not conceive that water could issue to any 
great distance from a high-pressure boiler, as it must soon 
be steam. — ^Had never known any persons scalded by the 
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steam or thie watet isiniing from a hi^hi-t>re8sure- boiler; 
In^t remembered many instaDces of persons being* scalded 
fircnn the same cause by a low-pressure engine; only one of 
which came directly under his own eye. — Was quite of 
opinion, that boilers made of wrought iron for high-pres- 
sure engines would soon become leaky, and that too with- 
out exploding. Knew an instance of a boiler of that des- 
cription made, which became lieaky and unfit for use in a 
very short time; the consequence of which was, the work- 
ing of the mine was stopped, and a great number of people 
thrown out of employ.^ — Supposing the only object to be 
safety to the lives or limbs of the pennons who should be 
surrounding the engine, would, in that 6ase, prefer haVing 
the boiler of a high-pressure engine of cast iron, because 
it could certainly be made stronger than wrou^t iron for 
the same expense; while he considered the risk was so small 
as that it scarcely need be taken into the question, because 
all explosions might be easily prevented by proving the 
boiler every time it was cleansed, which he thought should 
be at least every month.-— Had found the use of a high- 
pressure engine of great advantage to the Cornish mines, 
which could be proved by the monthly reports. — Con- 
ceived that every engine ought to have two safety-valves, 
and one should be locked up to prevent careless engine- 
men doing mischief, which low-pressure engines are as 
liable to as high. — Was of opinion that a high-pressure 
engine did greater duty with the same coals than a low, 
which could also be proved by the monthly reports. — 
Being desbed to attend the Hon. Committee on the part of 
the proprietors of three of the largest mines in Cornwall, 
the united mines of Crowan, Dolcoath, and Weal Unity, 
they wished to state their hope, that the Legislature would 
not interfere to prevent the use of high-pressure engines, 
either on board boats, or in any other way* " >. 
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Mr. Thomas Lean, Inspector of Steam engines, of Crow- 
&a, in Cornwall, called in and examiited. Was eioploj'ed 
by nearly the whole of the miners in Cornwall to inspect 
tiieir engines, and make monthly reports of the work they 
performed. — Conceived there was no danger whatever 
in the ase of high-presBure st«arn engfines : and for this 
reason, that, in ^ncral, for an eng;in« intended to be 
Worked with high steam, the materials were made 
stronger in proportion than the materials used for 
tteam of low-pressure. — Considered it of importance that 
*Tery boiler should have two safety-valves, one of which 
^ould be confined from the engme-man. 

In a boiler in which great strength was ret^uired, 
would certainly recommend cast iron, and had uo doubt 
but it could be made much stronger than wrought 
iron, the explosions that had happened in Cornwall 
having all been in wrou^ht-iron boilers, and from low- 
pressure steam. — In every boiler that was built, there 
■vas one part of it weaker than another, and it was 
ly possible for a boiler to be thrown about in 
lents to do mischief. Should not feel any hesita- 
sit on the cast-iron boilers in Cornwall when an 
explosion took place, being convinced tlie explosion 
would take place at the under part. — Was in the habit 
of working the high-pressure boiler at forty pounds to 
411 mch, while they were proved to three hundred, and 

it too without injuring; the boiler. — Apprehended, that 
^i|r>th a boiler so constructed, so proved, and guarded by 
'o safety-valves, there would be no danger whatever 

any situation ; and was also of opinion, that the high- 
pressure engines in Cornwall had saved at least two- 
,£fths of the whole consumption of coals in the county ; 
in some instances it had saved three-fifths: 

Mr. George Dodd again called in and examined. 
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<»• of the power to protect themselyes, it becomes the duty 
of Parliament to interpose. 

In illustration of this principle, many instances might 
be given y the enactments, respecting party-walls in build- 
ing, the qualification of physicians, pilots, &c. the re- 
gulations respecting stage-coaches, &c. seem all to be 
grounded upon it. And your Conmiittee are of opinion, 
that its operation may, with at least equal propriety, be 
extended to the present case, on account of the dis- 
astrous consequences likely to ensue from the explosion 
of the boiler of a steam engine in a passage-vessel, and 
that the causes by which such accidents have generally 
been produced, have neither been discoverable by the 
skill, nor controllable by the power of the passengers, 
even where they have been open to observation. 

Your Committee find it to be the universal opinion of 
all persons conversant in such subjects, that stetoi-engines 
of some construction may be applied with perfect security, 
even to passage-vessels ; and they generally agree, though 
with some exceptions, that those called high-pressure 
engines, may be safely used with the precaution of well- 
constructed boilers, and properly adapted safety-valves; 
and further, a great majority of opinions lean to boilers 
of wrought iron or metal, in preference to cast iron. 

Your Committee, therefore, in consequence, have come 
to the following resolutions, which they propose to the 
consideration of the House : 

' 1. Resolved, That it appears to this Committee, from 
the evidence of several experienced engineers, examin^ 
before them, that the explosion in the steam-packet at 
Norwich, was caused not only by the improper construc- 
tion and materials of the boiler, but the safety-valve 
connected with it having been overloaded ; by which 
the expansive force of the steam was raised to a degree 
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Iftf. pressure, beyond that whicb the boiler was calcu- 
lated to sustain, 
2. Resolved, That it appears to this Committee, that 
I the instances of similar explosions, in steam-packets, 
lanu factories, and other works where steam,-engineB 
Were employed, these accidents were attributable to one 
r other of the causes above alluded to. 
w. 3. Resolved, That it is the opinion of this Commit- 
ae, that, for the prevention of such accidents in future, 
hhe means are simple and easy, and not likely to be at- 
Vtended with any inconveniences to the proprietors of 
■JBteam-packets, nor with any such additional expense as 
an either be injurious to the owners, or tend to prevent 
Vthe increase of such establishments. The means which 
your Committee would recommend, are comprised in 
the following' reg'ulations : 

That all steam-packets carrying; passengers for hire, 
should be reg-jstered at the port nearest to the place 
'from or to which they proceed : — That all boilers be- 
longing to the engines by which such vessels shall be 
fforked, should be composed of wrought iron or copper: 
■^— That every boiler on board such steam-packet should, 
'previous to the packet being used for the conveyance of 
passengers, be submitted to the inspet^tion of a skilful en- 
'pneer, or other person conversant with the subject, who 
'ihould ascertain, by trial, the strength of such boiler, and 
'vhould certify his opiniou of its sutiicieut strength, and of 
e security with which it might be employed to the ex- 
tent proposed : — That every such boiler should be pro- 
rided with two sufficient safety-valves, one of whicb should 
■ be inaccessible to the engine-man, and the other accessible 
both to him and to the persons on boai'd the packet ; — 
.That the inspector shall examine such safety-valves, and 
■iball certify what is the pressure at which such safety- 
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▼alves shall open, which pressure shiill not exceed one^ 
third of that by which the boOer has been preyed, nor 
one-sixth of that which by calculation it shall be reckoned 
able to sustain : — ^That a penalty shall be inflicted on any 
person placing additi<Mial weight on «ther of the safety- 
▼alves. 

4. Resolved, That the Chairman be directed to move 
the House, that leave be given to bring in a Bill for en- 
fiMt^ii^ such r^^lations as may be necessary for the bet- 
ter management of steam-packets, and for the security of 
his Majesty's subjects who may be passengers therein. 



In the evidence and Report to which we have already 
had occasion to call the reader's attention, the comparative 
safety of Steam Nav^tion is very satisfactorily examined. 
Anodier and more vohuninous body of evidence has how- 
ever been subsequently published, which shows how ap- 
plicable, as a prime mover, steam may be made under all 
circumstances. The fidlowing is a condensed analysis of 
die evidence given before die Committee of the House of 
Commons, on the conveyance of the mails by Holyhead. 

George Henry Freeling, Esq. was the first called 
in; and examined. Had the principal mam^ement of 
die Holyhead steam packets. The Postmasters General 
had been obl^ed to purchase all the saOii^ packets, and 
and to dear the station for the introduction (^ diose ves- 
sds ; the object was, at first, to make the steam auxiliary 
to the sailii^ packets, but it had been found that the 
aieam packets could do even more dian die sailing 
packets, consequendy two sailing vesseb were kept 
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s auxiliary to the steam. Employed three steam vessels 

iexclusive of the Tartar. The Royal Sovorereign of 210 

I tons, and the Meteor of 190 ; the Sovereign being fitted 

^with two engines of forty-horse power each, and the Me- 

rwith two engines of thirty-horse power; they were 

■ both constructed by Boulton and Watt. The vessels were 

built in the river Thames, by a person of the name of 

Evans, at Rotherbithe, on purpose for the service, under 

the inspection of the officers of the Navy Board ; they 

were built upon Sir Robert Sepping's principle of the 

diagonal fastening, and made particularly strong. The 

Ivanhoe of 165 tons was formerly on the Jlolybead station 

as a private vessel ; the power of the engines fifty-six horse, 

and was not so strongly constructed as the others. The 

intercourse had been very much facilitated, by tbe intro- 

^doction of steam boats ; it was now almost reduced to a 

certainty. In the year preceding the introduction of the 

1 vessels, exactly a hundred mails arrived in London 

they were due, and in nine months that tbe steam 

ItTesselsbad beenrnnning, including the winter season, there 

■liad been twenty-two only.* 

• Mr. Fretling delivered in a paper, wliith was read, as follows': 
" From the Return made to tlic Order of l!ie Committee on Holyhead 
Roads, of tbe namber of voja^ea performed by the Sovereign and Meteor, 
it appears, that in a period of 2113 days lo the SUth of Februarj last, thej 
luve made 205 passages only, 

I" The remaining 60 days may be tlius accounted for ; — 
The Talbot mas on duty - - - 16 days. 
The IvanboB 6 — 
The Tartar ....-- 8 — 
" In thirty instances no steam packet left Holyhead ; in eleven of Oiese, 
whilst th* ateom packets were under repair the mails were dispatched by 
tailing vessels which effected the passage, in four instances, in time fur 
the departure of the coaches from Dublin. 

" In the other nineteen insUDces, the weather prevented any vessel from 
patting to sea, or forced the steam packets back alter having put out. 
" Ttventy-flre mails hare been brought trom Ireland by sailing pockets. 
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' The weather, the beg'inning of tlie winter, was worse 
than has heen knuwn for more than sixty years. Had 
proof that the steam packets would go to sea in weather 
when sailing packets could not have gone to sea ; the cap- 
tains had always considered that it would not be prudent 
to go to sea, if they were obliged to be under a three- 
reefed mainsail, and the steam packets had a;one out in 
weather in which the sailing packets would have been 
obliged to he so, The longest passage, was seventeen 
hours and twenty minutes. The shortest passage, in a 
gale of wind, iive hours and thirty minutes. The average 
of the pnssages of the Sovereign from Howth to Holy- 
head, was six hours and fifty-seven minutes, and the 
Meteor seven hours and four minutes and a fraction. To 
Howth, the Sovereign seven hours thirty-six minutes and 
I a quarter, the Meteor eight hours and thirteen minutes : 
Ldie shortest passage was from Howth, five hours and 
L thirty minutes. Sometimes the weather was so bad, the 
L Iteam packets could not venture to put out. The best 
I point for a steam vessel, in very bad weather, is directly 
L head to wind; both wheels can then act at the same time. 
[The captains sometimes keep the vessel away, when it is 
t blowing very strong, two or three points ; then, when they 
ig^t on the opposite coast, they will take in their sails, and 
I'ateam to tlie harbour in smoother water. Conceived that 
I the success of the Sovereign and (he Meteor, was very 
Lmuch to be attributed to the superior manner in which 
K^ey were constructed. Had attempted to gain some in- 
I formation about every steam vessel which had been built, 
md was convinced those vessels would do what no other 
^ vessel could do; they would go to sea in weather when 



" The Bteaiii packets bavc bf on too ]Me for Uie Liverpool mail in l^ut 
r Ibrty Instanceii, snd Ihe Lundim nmil haa been out nf conrw in twent]'- 
leases only." 
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nothing: else could. Attributed that not only to the ma- 
chinery, but to the weight of the hull; a lighter vessel in 
a heavy sea would be checked, but those vessels had from 
their weight a moiTientuin so great, that it carried them on 
when a lighter vessel wouid have been checked; the 
weight acting aa a fly-wheel. They are filled in solid, 
and they are nothing hut masses of wood and copper. 
Witness had the authority of Mr. Lang of the Navy Board 
for stating that, with the exception of the discovery ships, 
there were no vessels so strong as the Meteor and So- 
vereign. 

With the view that there might be a sufficient time al- 
lowed for looking over the machinery and the vessels, it 
was arnmged that they should each be six days at sea and 
three days m harbour, which atforded ample time for in- 
specting the machinery; that had been tixed in a great 
measure with reference to the engineers themselves, who 
stated that that time was more than suflicient fur it. — Each 
engineer had charge of his own engine. There were four 
captains, who take it in turn; there being three vessels, 
each has chai^ of the vessel going the six days in turn, 
and once in a month the captains go off duty for eight 
days, the fourth allows a relief; the engineer being under 
the commaud of the captain. There are sixteen men on 
board each vessel ; as the work is very severe, there being 
only two vessels rinming every day, tiie compliment for 
them, when a third is upon the station, is fifteen fur the 
Sovereign, being the largest vessel, fourteen for the Meteor, 
and fourteen for the Ivauhoe. — After each voys^e, it takes 
a g<^ while to clear the boilers, as they must be allowed 
to cool ; the cold air niust not be let in ; it was found to 
crystallize the salt and injure the boilers, and we were ~ 
obliged to cease doing that. — The accidents might almost 
entirely he attributed to the use of cast iron; the cross 
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bars and the beams were of cast iron, and if any water 
was in the cylinder at starting, the check caused the cast 
iron to break. — ^Had now got them made of ^wrought iron, 
bnt the lower beams of the engines, which are very large, 
are still of cast iron ; thare must be some part of the en- 
gine left to give way in case of any ^ergency, which was 
better than destroying the cylinder. — Scarcely found the 
sails sufficient to navigate the vessels in case the engines 
failed ; there was sufficient to do it in case of emergency ; 
but they had been trying experiments on the Dover sta^ 
tion with different sorts of sails, and found lug-sails more 
powerful than any others, and had now sent down lug-sails 
for the Holyhead packets instead of their fore and aft sails. 
A packet being a large vessel, it would not enable her per- 
haps to fetch to windward, but she would be able to reach 
some port ; but there being two engines, they could be dis- 
connected, and one worked without the other ; it had hap- 
pened that a packet had proceeded using one engine only. 
That was in case the main shaft did not break. 

It was hardly possible to draw a fair comparison between 
the Sovereign and the Meteor, one of them having twenty- 
horse power more than the other ; the bow of the Sove- 
reign was infinitely superior to the bow of the Meteor, but 
the quarter of the Meteor was much better than the 
quarter of the Sovereign ; if we could take the bow of 
the Sovereign and the quarter of the Meteor, we should 
make a perfect vessel. A good engine, with a sixty-horse 
power, would drive that vessel as &st as the Sovere^n 
with her eighty. She would be equally calculated for the 
bad weather. — ^Witness found of the Sovereign and Me- 
teor, the Sovereign was the best vessel going head to 
wind from her power ; but in blowing weather with can- 
vas, the Meteor was certainly superior. Wh&i we were 
going round to Holyhead from the river, we had some 
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very bad weather olf Beacby Head, and while the S<>ve- 
reig;n was labouring in a sea, buth under canvas, the 
Meteor shot by us; thought she would have been down 
upon our deck ; almost when we got round the Land's 
End, the weather was so extremely bad, that we had 
hardly head-way, and we thought we should have been 
driven up to Bristol, fortunately the wind moderated, and 
we were able to get into Milford. We were so anxious 
to get the vessels round, that the Meteor left the river 
iu a very incomplete state ; we had shipped several peo- 
ple in the river Thames who were sick and useless, and 
when we came to the very worst, there were only four 
people on board the Meteor who could stand on their 
legs; considering all circumstances, this could scarcely 
be taken as a fair trial, but on the whole the Meteor did 
as well as the Sovereign. 

Had two post-oflice steam packets between Dover and 
Calais. One of them had gone through the winter, the 
other had only lately gone round ; but from their draught 
of water, and the difficulties of the harbour on each side, 
Calais and Dover being dry harbours, and their not 
being able to run into them at all times, the captains iiad 
not thought it prudent to go in such weather as the Holy- 
head packets had put to sea. — A vessel constructed with 
all the properties of sailing, with the Sovereign's bow and 
the Meteor's quarter, might have a steam engine put into 
her, and answer as well as the Meteor or the Sovereign, as 
far as the hull was concerned; tbe object being velocity 
through the water, whether the vessel be propelled by 
machinery or by canvas. The boilers in the Holyhead 
packets were low-pressure. Mr. Watt, witness believed, 
was the inventor of the original high-pressure engine, but 
afterwards abandoned it on account of the danger. No 
s of late had happened of accident from the bursting 
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of boilers. The bursting; of tbe boilers in either of those 
two packets would interfere with the aetion of the steam- 
engine, but would not be attetided with dangerous cons^ 
qiiences to the crew. The boiler would not burst, it would 
rend or open. There could be no explosion which arose 
from its bein^ made of wrought iron. To prei^ent acci- ^ 
dents by fire on board the post^ofHce steam-packets, there 
is a greater spare ; the engineers can get round the boilers 
and under them and over them ; in addition to the outer 
case round the bottom of that part of the funnel which is 
near tlie deck there is a third iron Danch which comes 
from the funnel to the deck. The coals and wood for 
fuel were now stowed in iron cases, in the engine room. 

Captain William RooEns, called in and examined. 
Witness was commander of one of the Holyhead steam 
packets; they had fully answered the expectations formed 
of theiu. Had crossed in the Meteor on the 5th of February, 
in the heaviest sea seen for eight years. When no sailing 
packet could carry canvas, they must have laid to ; left at 
nine at night, and arrived at six the next morning. — Had 
observed that, in crossing the Channel with an adverse 
wind, the passage was accomplished under easier circum- 
stances than could possibly be done in a sailing vessel, io- 
asmucb as they were enabled to go head to wind, and in 
one-half of the time upon the average. 

In building a stenm-boat, she ought to have a fine en- 
trance, and her bow to flear off, not to shove any water 
before her ; any water she shoves before Iier must be an 
impediment to the sailing; she should have a fine entnuice, 
a good line of bearing, and her transom pretty sijuare, and 
not too high; the more you can stop a vessel from pitch- 
uig and rolling the cjuicker she will go; found with re- 
gard to the Scotch boats that all their transoms were too 
high and too narrow, the consequence of which is, thai 
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Hth a lieftd sea they go with their stern under ; had seen 
them go boat and every tiling under ; tlie transom being 
square and low and iine under, so as to give them a rig'ht 
line of bearing, will stoj) their pitching and rolling, and 
make them easy on the sea and add to their speed. At- 
tended the bnildiiig of the Meteor and the Sovereign. 
They are tilled up solid to the Hoor-head, caulked inside 
and out, having no tree nails, but bolted and copper 
nailed. The bolts are driven upon a ring and clenched at 
both ends. The diEigonal fastening is a plaak three inches 
thick fore and aft, three and a half thick midships, and 
nine wide leading from the floor-head to the shelf, taking 
id five or six timbers; and then it is filled by truss pieces 
into triangles, so that it is almost impossible that the form 
of the vessel can alter. 

Should prefer Boulton and Watt's engine to any other ; 
their boilers being very superior, and never short of 
steam. Boulton and Watt had been accustomed to vessels 
for rivers, and the engines were made rather too slight for 
our Channel ; the shafls were hollow, and of cast iron, hut 
they had been replaced by solid shafts. — Was able always 
to keep one engine at work out of the two, unless the 
shaft failed. The shaft being the only part common to 
both engiues, and therefore miless the shaft is broken, the 
two engines are not disabled. Comparing the Meteor and 
the Sovereign with any ether steam boats, witness had 
Been, considered th»n as infinitely superior both in con- 
struction and safety. Had never half exhausted the fuel, 
used about eight hundred weight in the Sovereign per 
hour; in the Talbot and Ivanhoe they each consume about 
fourteen hundred weight. The Meteor about five hundred 
weight. The Sovereign has two forties, and the Meteor 
two thirty-horse engines. Found the Sovere^ a supe- 
rior vessel in consequence of this increase of power. 
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Thonght the Meteor the best boat in a gale of wind. • Sails 
assist the vessel* very much. Had used them every way 
except going head to wind, within four points of the wind. 
Had found the Sovereign go as fast in a calm as at any 
other time. It must not be thought that a steam boat 
running before the wind in a gale and a heavy sea, that 
she ought to make the quickest passage, as we are then 
obliged to shut off half the steam, or great part of it; fm 
should you allow the full power to be on, the wheels run- 
ning two or three times round without touching any 
thing between the trough of the sea, and then being 
brought up all at once, something would probaUy give 
way ; but by thus moderating the steam th^re is^ no fear; 
the engine goes as easy as a glove. The sails serve to 
steady the motion. 

Witness was of opinion that in the event of the ei^poie 
failii^, with the assistance of sails and the anchor, the 
packet might always be kept in perfect safety. Improve- 
ments have been made lately to give steam packets more 
power of canvas. Three more cloths are put in the main- 
sail, and a very large fore-lug ; the after one remains a 
schooner sail.— Witness wished the Committee to under- 
stand that in any weather, however severe, the steam- 
boats would stand that weather as well as any sailing boat; 
the more wind the better for the steam boats ; that was 
where they showed their superiority. 

Witness left Gravesend on board the Sovereign, in omi- 
pany with the Meteor steam-packet, with seven or eight men 
on board of each. At 9 anchored in the Downs, blowing 
very hard; she rode very easy with thirty-five fathom of 
cable in five fethoms water. On Thursday the 18th, fresh 
gales fi'om W.S.W. d,A.M. weighed anchor and steamed 
for Portsmouth ; wind dead on end. 4. p. m. made the Owars 
light ; hazy weather. 9. ?• m. very heavy gales and thick 
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Bather. Witness asked the ena^ineer what coals he had 
on board, was told five hours; was then ohlig^ to steam 
in for the land. At 10 made the Nab light upon the star- 
board quarter, about a quarter of a mile ; shortened steam 
for the Meteor to come up. At eleven anchored at St. 
Helen's in six fathoms water, with forty fathom cable; 
hard gale. On the 19th, 3.30. a. m. weighed anchor and 
ran into Portsmouth harbour; made fast to one of the 
buoys alongside his majesty's ship the Queen Charlotte ; 
then we were employed in getting coals in, and very bad 
they were. At 4. 20. got under weigh and steamed out of 
the harbour, and at 9 passed through the Needles, against 
a flood tide. This day was fine weather, and light airs 
from the N. W, At 1. 30. p. m. anchored in Falmouth 
harbour ; there we remained a week to clean the boilers, 
caiilk the decks, and so on. Sailed from Falmouth the 
26th, wind N, W. fresh gales. At 5. 30. passed the Long- 
ships lights. At 9 in a squall, with heavy rain, the wind 
shifted to the N.N.E. blowing very heavy, and a heavy 
sea, the vessels going from three knots to three and a half, 
head to wind, blowing hard. At 7 made Lundy Island, 
bearing E. by S. ; passed several vessels lying to ; passed a 
laige smack, lying to, under close reefed mainsail. At S 
made sail upon the vessel ; stood more to the southward 
into the Bristol Channel to smoothen the water. At noon 
more moderate ; water smoother ; down all sails and 
steamed for Milford. At 5 anchored in Milford, found 
several vessels had been out in the gale, and obliged to 
put back ; the vessels that had been put back, bound to 
Liverpool, said they had never experienced worse weather 
before for many years On Snnday evening the wind 
more moderate, and from N. to N. E. At 8. p. M. got 
under weigh. On Monday, at 4 p. m. arrived at Holyhead. 
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Was five days performing this voyage, with the wiDd right 
a head down the English Channel and up the Irish. 

To prevait her rolling, witness would take a foot off her 
beam in the first place, and niake her bottom not quite so 
round, and the ^igines placed nearer together, and her 
wheels not quite so wide on the side; they being eight 
feet wide, — ^Had observed in our vessels with wide wheels, 
the lee wheel a great deal under the water, and the other 
out; by the width of them, it increased the angle; and 
although a wide wheel was of great advantage in a river; 
witness thought it a great disadvantage in a isea ; supposii^ 
there were two forty-horse power engines, would hot hav^ 
more than a seven-feet wheel; and if there were two 
thirty-horse power, six and a half, would be suifBcient 
Those wheels would have power to give the packets die 
same speed they have at present; we might lose twenty 
minutes in a calm, but we should gain two or threef'houn 
in a gale of wind ; that has been tried in this river hf the 
James Watt ; her paddles are nine feet wide, and with oike 
half of them on, four and a half in length, she was fovind 
to go nearly nine knots, and she only goes ten with the 
whole on; but after a vessel is got to go nine knbfs, it 
takes a great addition of power to make her gb the tetifh. 
— On building a new vessel, would recommend Watt*s 
engine to be made use of; but should make the engine 
much stronger in every part. 

In the event of building a new steam packet, witness 
would build her in the same manner as the otheri^ ai^ 
built, on Sir Robert Sepping^s plan as to mode of fasten- 
ing, diagonal bracing, &c. &c. only a litde finer at each 
end, and one foot narrower than the Sovereign and Me- 
teor ; to be 95 feet in the keel, 105 or 106 upon deck, and 
19 feet in the beam ; about 180 tons, her tiranscnns square, 
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^md not very lii^li out of the water. The improvements 
in the engine would be to make them a little stronger, 
and the boilers of greater length, keeping them more from 
the side of the vessel, so that the heat might not affect 
her, and more room to go round them, and to put the 
boilers lower down. It would help to prevent their 
rolling. — The Talbot's boilers are a little higher than the 
IvanhoG ; by putting the Ivanhoe's lower down, found she 
did uot roll near as much. Would have the two main 
beams put close to the wheel, which would reduce the 
weight very much, and strengthen and make the vessel 
much easier, aa by being so far asunder a great weight is ad- 
ded, which acts as a lever. There should be twelve paddles, 
about seven feet long, and nineteen to twenty-one inches 
wide. The engine should be something between sixty and 
eighty-horse power, but this must depend upon the fine- 
ness of the vessel, and the water she will draw. If the 
engine is to be made much stronger, in that case we must 
not go further than two thirty-horse power engines, as 
then the weight might be too much. Should recommend 
with regard to the sails, a large lug forward, and ajih, 
and a fore and aft mainsail ; and in case any thing should 
happen to the engine, I would keep a square topsail on 
board, and a gaff topsail afl, but not to be used except in 
case of necessity. 

Mr. James Brown, called in and examined. Belonged 
to the house of Boulton and Watt. Put up the engines 
on board the Meteor and Sovereign steaiu packets. Ge- 
nerally considered the working parts, the cross bars, the 
side rods, and the side beams, failed first. Upon the Letth 
station, one or two cross bars have broken, and that was 
entirely from want of caution on the part of the engineer, 
ID starting the engine ; there was one accident of a cross 
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bor breakup in the Dasher.-^Did not conoeiye it possible 
to make an cfngine without being liable to break; there 
are some parts so small, that they must gire way, and it is 
better the most insignificant parts should fail, than some of 
the principal ones, because they are easier repaired: for 
instance, it would be better for the cross bar to break, than 
the side beam, and if not either of those two, that some of 
t)ie cutters or straps of the side rod should go. They 
would be more easy to repair, and if the engine-^nan sees 
any thiii^ going wrong, he has only to let off the s^eam ; 
as there are generally duplicates on board of those parts 
liable to accident. It would be better to lower the whole 
inachinery together, bring the engines nearer the centre of 
tbe vessel, and let the boilers rest upon the keelson; they 
could then be painted every month, which would be a 
gfreat advantage, for the action of the salt wi^er m very de- 
trimental to the iron ; they ought to be painted every three 
weeks, or every month ; where a boiler will not leak with 
fresh water, it will with salt water; and it forms incrus- 
tations upon the surface by exposure to the atmoerphere ; 
they- should be pumped out, an^ frequently cleaned. — 
Would make the paddle wheels the same as for the Leitb 
vessels ; they are made with wooden iBoats in one piece, 
having three sets of arms, and the bolts are of a peculmr 
description, which allows the paddles to slip from the outer 
end of tbe arm towards the centre of the shaft, by which 
means a vessel may use her sails the sanie as any other 
vessel ; should any thing give way, there would be no- 
thing but the arms in the waten In case of accident, there 
would be only four or five paddles to get rid of; tbe four 
topmost paddles would be slackened, and fall towards the 
centre of each wheel ; the whedts would then be turned 
routtcl, and tbe bare arms would be in the water. The 
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rater gets tipun the top of the piston, from the condensed 
Hteam that forms from the boilers after the passage is oyer ; 
it gets through the steam pipe to the cylinder, and con- 
denses there, perhaps to the depth of eighteen inches on 
the top of the pistoD, and if the engine is started suddenly 
without its being cleared away, it has not lime to get 
through the thoroughfares. The consequence is, that it is 
jammed between the top of the piston and the under side 
of the cylinder cover, and risks the breakage of some part; 
as water will not compress, something must give way, and 
the weaker parts of course will go first. 

The city of Edinburgh steam vessel, is employed to go 
from London to Leith ; she went there during last season. 
Her first passage was extremely rough, we were eighty- 
four hours malting the passage. The shortest time was 
fifty-eigbt hours. The distance is 450 miles. Her ton- 
nage is 401 tons, the length upon deck 143 feet, and 14 
feet depth in the hold. She has not diagonal timbers ; she 
is built the same as other merchant vessels. No rolling 
of the vessel could throw the fire about; she must be 
pitching to a great degi^e, if that was to take place. — The 
coals are carried in boxes in tront of the boilers, so as to 
be right and left for the fireman. They are generally pro- 
vided with two safety-valves, and tlie steam used is abont 
from two and a half to three pounds pressure upon a square 

^—iucb, at which pressure it blows off by the safety-valve of 

HM^ own accord. 

HBt Boulton and Watt have made them for many years in 
the way they now arc, inaccessible for any person to load 
them by putting additional weight upon them. — Witness 
had seen the Scotch engine men, in starting their engines, 
e their feet upon the safety-valve. Supposing that the 
fety-valves should get choked, the steam would come off 
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at the feed-pipes. It would not give way under any dr- 
cumstanee, not even though the valves were choked, the 
pressure is so extremely small; the boilers are calculated 
to sustain fifty times the pressure required of them. If any 
part of the boiler, by length of use, became very Ahi, and 
gave way, it would merely rend, if malleable iron. The 
accidents that happened from boilers, sometime ago, were 
owing to their being on the high^^pressure principle, and 
being made of cast iron. When made of cast iron, and the 
pressure too high, they gave way, and the metal flew just 
like a shell. Malleable iron tears and rends, without 
flying or doiiig injury. The experiments made in the river 
with the Meteor, shewed that she consumed about sevai 
bushels per hour, rather under, she was then workii^ above 
her full ispeed : the Sovereign was from nine and a quarter 
ta nine and a half; the Meteor has two thirty-horse en- 
gines, and the Sovereign two forty-horseengffnes ^ the latter 
when using that quaiitity of coal, was goihg about nine 
miles and three quarters through the water per hour. A 
bushel of good Newcastle coals is reckoned equal to a 
hundred weight of Scotch coal, fo that it comes to very 
neariy the same thii^; the Scotdb coal generally bums 
yery free, and so does the Staffordshire; but the bushel of 
Newcastle coal is equal to a hundred weight of either. — 
The standard bushel should weigh eighty-eight pounds; 
the best Walls End eighty; and the Wylam seventy- 
seven ; found that by actual weight, the i^)ecific gravity 
of the Wyhun coal was much under that of the Walls 
End, the latt^ was not good for working engines. The 
best cdal for wcMrking engines is the Hsulbeath or Inver- 
keithing, from a place in Fife called Inveileithing. — 
Tfaehr peculiar quality is that of burning free, and be- 
ccNuing ciomplctely white ashes, without caking upon the 
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fire bars, — It is a great object to get good coals. In the 
first passage that I went with the City of Edinburgh from 
London to Leith, the coals were yery indifiTerent, and we 
were obliged to clear the fire every four hours. In com- 
ing back, we had* a description of coal called Halbeath 
Main, and with them went sixteen hours without cleaning 
the grates ; the sulphur in coals will destroy the fire bars 
in a short time. 



CHAPTER V. 



Cylinder and Piston — * Condenser — Air^Pump "-^Baro* 
meter and Steam^Gauge — Wiyrking Beam — Parallel 
Motion — Counter — Sun and Planet Wheel — - Fly 
and other Modes of regulating Velocity— 'Govemor^^ 
— Boiler — Safety ^ Valves — Furnace, 

Having taken a brief review of the early history 
and general principle of this stupendous machine, it may 
be advisable before we proceed to a description of the 
principal engines now employed, to examine more minutely 
the separate parts and the progressive improvements ef- 
fected in each. 

The cylinder and piston being those parts of the engine 
in which the effective force is more immediately produced, 
may first claim attention. 

The piston of the atmospheric engine is generally made 
of cast iron nearly fitting the inside of the cylinder, a cir- 
cular ledge or rim being formed round it to receive the 
packing, without which the steam would find a passage 
through the interstices in the cylinder. Mr. Smeaton, who 
greatly improved the atmospheric engine, coated the under 
side of the piston with elm or beech planks about two 
inches and a quarter thick; the wooden bottom being 
screwed to the iron with a double thickness of flannel and 
tar, to exclude the air between the iron and the wood. By 
the adoption of this improvement its property of conducting 
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> heat was diminished, and the wood havings been previ- 
onsly jointed with the grain radiating in all directions 
from the centre, was not liable to expand very materially 
by the heated steam. Thia piston w^ kept air-tight by a 
small stream of water continually falling on its upper sur- 
face ; but in Mr. Watt's engine he was compelled to effect 
this by improving the fitting of the piston, the old mode 
being inadmissible. 
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It is now cast with a projectmg rim at bottom, which is 
fitted as accurately to the cylinder as it can be, to leave 
it at full liberty to rise and tall through the whole length 
The part of the piston above the rmi is a little less all 
round than the cylinder, to leave a circular groove for the 
ip which forms the packing. To keep thia in its place, 
lid or cover is put over the top of the piston, with a ring 
or projecting :part, which enters into the circular groove for 
the packing, A A, and pressing upon it the plate is forced 
down by screws, i i, which work into the body of the pis- 
ton at n. By this means the packing is made to fill the 
diameter of the cylinder with tolerable accuracy, and to 
prevent for a time any steam passing between the piston 
and the cylinder. The connection with the piston-rod 
is seen at re. When, however, by continued working 
the piston became too easy, and so occasioned a waste of 
steam, it was found necessary to take off the top of the 
cylinder to get at the screws, even when fresh hemp or 
. packing was not wanted, and this operation being attended 
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with considerable labour^ was seldom resorted to by the 
engine-man till a great w'aste of steam had taken 
place. By an improrement on this piston introduced by 
Mr. Woolf, this is now effected without taking off the 
cylinder cover^ except, indeed, when new packing is 
required. 

To accomplish this, Mr. Woolf iastens on the head of 
each of the screws a small cog-wheel or nut, and these are 
all connected together by means of a central wheel work- 
ingloose upon the piston-rod in such a manner, that if any 
one of the screws be turned a similar motion is giyen to the 
remainder, a small cap being provided in the upper end of 
the cylinder screwed down by bolts to make it steam tight. 
In a piston thus constructed, there is little difficulty in 
drawing down the packing, by applying a key to the square 
hiead of the projecting screw employed to communicate 
with the rest. Another method contrived by Mn Wootf 
for the smaller pistons differs but little from the preceding 
in construction. Instead of • having several screws all 
worked down by one motion, there is in this but one screw, 
and that one cut upon the piston-rod itself; on this is 
placed a wheel, the centre of which is furnished with a 
female screw, which is forced down by means of a pinion 
furnished with a square projecting head turned in a similar 
manner to the preceding. 

For high-pressure engines, however, the metallic piston 
invented by Mr. Cartwright has the most decided prefer^ 
ence. This not only saves the trouble and expense of 
packing, which must be frequently renewed in all other 
engines, but also a great deal of steam, on account of the 
more accurate manner in which it is made to fit the cylin- 
der; this is effected in the following manner: Two 
metal rings are accurately ground into the cylinder, so 
that no steam can pass between their exterior surface and 
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B iiMide of the cylinder, their upper and under sides are 
also ground perfectly Bat, and applied one upon the other. 
On the upper ring; is placed a plate of metal, rather Rinalier 
in diameter than the cylinder, while a similar flat plate is 
placed below the under ring, both of which, with the rings 
between, are attached loosely to each other by means of 
the piston-rod passing through tbcm. 

A shell being thus formed, the rings are each of them 
ciit into three pieces, and in cutting them, such a portion 
of the metal is taken away as to leave room to introduce 
between two of the pieces, a spring in form of the letter 
V, the open end of which is placed outwards, almost close 
to the circumference; by which means the two pieces 
against which the two sides of the spring act, are pressed 
in the direction of the circumference, against the ends of 
the third piece, so that the three pieces are thus kept so 
uniformly in contact with the cylinder, that the longer the 
machine is worked, the better the rins^ must fit. To pre- 
vent steam passing through the cuts in the lower rings, the 
solid parts in those upon the upper side, are made to fell 
upon the divisions and springs of the under ones, thus in- 
terrupting the communication that would othenviee remain 
. open, and tormmg a pertect break-jomt. 



* A diagram of Mr. Barton's piston is annexed : and it 
vill be seen that the flexible springs f '( operate on the 
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wedges c c c and as sadk must expand tbe remaining per- 
tionSy rpj so as to ensure the accurate fitting of the piston. 
Mr. Perkin's piston will be examined in a future page. 
The iiiterior surface of the cylinder in which the piston 
works, requires to be bored with the greatest exactness, 
though this was but little attended to in the early atmos- 
pheric engines, some of them being composed of timber 
hooped together in the same manner as barrels are con- 
structed. Mr. Watt, in his first attempts at improving the 
steam engine, employed this material in the construction of 
his cylinders, though he afterwards abandoned it for those 
of bored metal ; the operation of boring being -performed 
with the greatest precision, by an apparatus invented by 
Mr. Wilkinson.* 

Mr. Murray has also effected considerable miprovements 
in this part of the engine, and die boring machines em- 
ployed in his manufactory are of considerable value. 
They are worked by a separate steam engine, which is 
never stopped during the operation, as in that case a 
shoulder or ring would be formed, running completely 
round the cylinder. 

In small engines, it is conunon to place the cylinder 
within the boiler, in which case no artificial mode of re- 
taining the heat is required ; but to this arrangement in 
those of larger dimensions there are several objections, not 
the least of which is the frequent repairs that are necessary 
in the boiler ; and a similar effect has been produced by 
the use of a double cylinder. This was first adopted by 
Messrs. Boulton and Watt, the outer cylinder or steam- 
jacket keeping the inner cylinder at the temperature of 
boiling water, by the action of a partition of steam made to 
pass between the jacket and the working cylinder. 

•, For a description of Mr. Wilkinson's patent cylinder apparatus* see 
Appendix, A. \ 
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We hare already stated, that Mr. Watt's great improve- 
ment consisted in condensing the steam in a separate 
vessel where a vacuum was formed by the continued ap- 
plication of cold water. A meta! box constructed for this 
purpose, and furnished with a pump for drawing off the 
water and air, is called a condenser. It is necessary that 
the parts appropriated to this purpose should be kept as 
cold as possible ; and upon this account the air-pump and 
condenser are placed in a cistern of cold water, which is 
kept full by the continued action of a pump, also worked 
by the engine, and called the cold water pump, a little 
being allowed to pass off continually to preserve the water 
at an equable temperature. 

The air-pump and condenser are usually of the same 
size ; if of one-eighth, the capacity of the working cylinder, 
it will he found suiBcient to keep the condenser empty in 
Mr. Watt's single engine. The best proportion for a dou- 
ble-action engine is about two-thirds the diameter of the 
cylinder and half the length of stroke, the condenser, as in 
the single engine, being of similar capacity. 

In Mr. Maudslay's portable engine the condenser is a 
hollow cylinder, and the air-pump is placed within it, so 
that there k no nece^isity for a pipe of communication from 
the air-pump to the condenser ; and in this case a small 
cistern is Axed over the pump to contain the hot water, 
the dischai^e-ralves being placed in the lid, which thus 
forms the bottom of the cistern or hot well. 

In' the early engines, on Messrs. Boulton and Watt's 
construction, the air-pump and condensing-cistern were 
placed at the outer end of the beam ; in which case the 
pump-bucket being drawn up by the descent of the pis- 
ton, the engine required less counter-weight than in the 
present form, in which the air-pump must be wholly worked 
by the counter-weight. It was necessary also, that the 
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parts appropriated to the condensation of sleam s|ioi4d be 
kqpt acf cold as possible; on which adcount^ the air-pump 
and condenser were' placed in a cistern of eold water, 
which beu^ continually on the overflow, carried off the 
eiteess of heat in the manner already described. 

The mode of condensing by outward cold, was not how- 
ere^ found' sufficient; and Mr. Watt afterwards intro« 
duced a small jet of water, the dimensions of the air*^ump 
being so far increiEU3ed,as to extract the injection^watar as 
wett as the air. 

To shew the d^^ree of vacuum in the condenser, and 
consequently the amount of pressure on the piston, a 
barometer-gauge has been employed. This is justly con^ 
sid^ned as a most important instrument, though unfortu- 
nalely for the profit of steam-ei^ine proprietors but little 
aitended to. This gauge is in fact a common barometer 
tube, of thirty inches in length, with a graduated scale, 
and connected with the condenser by a small tube furnished 
widi a stop-cock. When the air is expelled firom the cylin- 
der this must be closed, otherwise the steam entering the 
tube would blow the mercury from the cup. On the cock 
being turned, and the communication opened witb the con^ 
denser, the exact degree of vacuum will be shewn by the 
height of the mercurial column, which, if the condensation 
be hot complete, or air be admitted, will descend, and on the 
contrary, if perfect, it will ascend, as in the Tcnricellian tube« 

The steam-gauge employed by Mr. Watt, consists of an 
inverted syphon or bent tube of glass or iron, one leg of 
which is jointed to the steam-pipe, while the other is open 
to the atmosphere. A quantity of mercury being poured 
into the tube, it will occupy the lower or bent part, and 
the surface of the fluid metal in one leg being exposed to 
the-pressure of the steam, while the external air acts upon 
the other, it is evident that the difference of level of the 



GENERAL DESCRIPTION. 



125 



pitro Burfacea will express the pressure of the eteain in the 
height of the mercurial column pacing up the graduated 
tube. 

This gauge is just the reverse of the preceding; the 
barometer shewing the pressure of the atmosphere on a 
given space of the piston, while tbe steam-gauge indicates 
the force of elastic vaponr entering from the boiler. It is 
the duty of the fireman frequently to look at this gauge, 
that he may know when to increase the fire iu the furnace, 
and thus a sufflcient supply of steam will always be se- 
cured to the engine. 

Iq the early atmospheric engines, the working-beam 
was composed of a large and almost uidiewn tree; but 
Mr. Sraeatou employed a framing of wood for this pur- 
pose, which was afterwards much simplified and improved 
by Mr. Hornblower. 

In double-acting engines it is usual to have the bcaiu 
cast in one piece, the extremities being turned in a lathe 
fo form cylindrical pins, upon which are fitted sockets or 
pieces, having other pins projecting from them to form 
the points of the parallel motion and connecting rod. 
Thus, there is one pin on each side of the socket, the two 
links of the parallel motion being fitted to the two pro- 
jecting pins at one end, while the double joint of the con- 
necting rod is fitted on the two pins at the other end of 
the beam. The advantage of this construction is, that the 
joints at the ends of the beam become universal joints, 
having liberty of motion in all directions; and in some of 
Mr. Murray's best engines, the same contrivance is applied 
to the crank pin and connecting rod, 

The annexed figure represents one of Bnulton and 

Watt's parallel-motions, and is that now most commonly 

^Hscd by themselves, and other engine-makers. This has 
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two fixed centres, a vodj^ and rods connected by move- 
able jcnnts e^b^d and e, filming a parallelogram. 



In setting out these centres, the line in ii^bich the 
piston is to more, should £sdl as much short of the end 
of the beam, or point 6, when in the horizontal position, 
as it will be beyond the end of the same at the two ex- 
tranes of the movement : the link, 6, connects the end of 
the beam with the top of the piston-rod g^ and about half 
way to the centre of the beam, another link ce, of the 
same length, is jointed, being always kept parallel to the 
finrmer by a connecting rod, de^ which is equal in length 
to c ^, so that c by d e^ may form a parallelogram, in 
whatever position it may be placed by the motion of the 
beam, and the consequent motion of the links md coup- 
ling-rod on their moveable centres. 

The parallelism of the point cf, is produced by means 
of the lever ej\ which is connected to the point e, of the 
parallelogram, and the other end moves on the fixed 
^^tre f; thereibre the end ^, of the rod ecf, mM)ves in an 
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arc of circle, round the centre f; the other end dy will be 
found to traveree in a nearly right line. 

The proportions of the levers of this motion admit of 
great variation : the simplest case is, when the radius a c, 
is exactly half of a 6, then e^must be equal to ac or c6. 
Considerable latitude is allowed to the workman in the 
length of the links frdf and ee, without sensibly deranging 
the parallelism of the point df, and piston-rod attached to 
it. ' With these proportions, the center f^ wUl fall upon 
the same line as the piston, which is often inconvenient; 
for as there are two of the parallelograms c e and d 6, one 
on each side of the beam, the centres of the lever efi cannot 
be made on one common axis. Eleven different propor- 
tions for these levers will appear by the following table of 
dimensions, in inches, taken by the author from Sbme of 
the best steam-engines, by various makers in or near 
the metropolis. 







• 
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Length of 


Beam 


Coupling 


Link ee 


Bridle-Lerer 




Stroke. 


ab. 


d0 c b. 


bd. 




N°. 1 


96 


147 


69 


42 


78 


2 


72 


120 


50 


28 


96 


3 


72 


110 


55 


3U 


55 


4 


48 


60 


41 


20 


60 


5 


48 


84 


38 


19 


60 


6 


48 


84 


36 


20 


54 


7 


48 


72 


41 


18 


25 


. 8 


45.6 


76 


40 


58 


36 


9 


36 


60 


37 


12 


15.66 


10 


24 


37 


16 


9 


26 


11 


23 


36 


16 


12 


26 



The two great links of the parallel-motion, are each 
composed of a strap or loop of iron, bent so as to form a 
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double link, in tlie upper bend of wliich are two sockets 
.for the pivots at the eod of the beam, and at the lower end 
c two others, for the pivots which project on each side 
I of the piston-rod socket. The brasses of this joint are 
[ held in by wedges, put through the two links at the lower 
lend, which, on being driven inwai-ds, tighten liie fittings 
I ^ pleasure. 

The proper length of the stroke for different engines is 
\ not at all settled ; Mr. Watt's first engines were made 
I much longer than this table, but of late years they hare 
been made shorter, and without any adequate reason 
\ Which we can perceive ; for it must be an advantage to a 
tnacliine to make as few reciprocations as is consistent 
Tpilb a practicable length of cylinders. These difierences 
in the length of stroke do not affect the calculation of 
powers, because if the length of the stroke is altered, 
the number per minute is also changed, and the velo- 
city of the piston is the same ; at least it will be always 
nearly the same as for those engines that work a crank 
and fiy-wbeel. But it must be observed that these 
engines move with a greater celerity than the engines for 
pumping water, because it is necessary to accumulate a 
considerable velocity in the fly-wheel, or it must be im- 
mensely heavy if the piston was to move so slowly as the. 
pimiping-engine generally does. 

It is usual with engine-makers to calculate the velocity 
of the pistons of engines at 220 feet per minute ; but we 
have rarely found them to come up to this in practice, 
and have therefore calculated them at less. In the table 
the pressure upon each square inch of the surface of the 
steam-piston is in proportion to the velocities there mark- 
ed ; and if the velocities are found less than the table, a.s 
is the case with engines for pumping, then the load upon 
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icli of the pi>«toti miiBt be increased in proportion, or 
else the power of the engine will lie different, altboiigh 
the cylinder remains the same. 

To ascertain tiie number of strokes made by the eng'inc 
in a given time, n simple apparatus was contrived by Mr. 
Watt, called a counter. This is in some cases attached to 
the beam, each stroke movinif one tooth, and the index 
hand shews how many strokes have been made in a given 
time; and by comparing this register ivith the diameter 
of the piston, and the barometer-guage, the exact power 
of the engine is accurately shewn. 

The fly-wheel has .jnstly been considei-ed one of the 
most important and valuable parts of the steam-engine : 
when combined with the crank, it is employed to convert 
a Reciprocating into a rotatory motion. If of moderate 
size it should be cast in one piece of metal ; this, however, 
cannot often be accomplished from its great weight, the 
fly-wheel of a large engine frequently exceeding ten tons. 
When of this size, the ring is nsuaily cast in six pieces, 
of about a ton each, and connected by wrought-iron bolts ; 
but a metliod has lately been introduced in large enghiea, 
of substituting the dove-tail for that mode of connecting 
the parts. In this case the arms are fastened into the ring, 
and the segments of the ring fastened together by a system 
of dove-tails, which admit of being put together only in 
one direction, which is contrary to that in which the cen- 
trifugal force acts. It is a great object in constructuig fly- 
wheels, to choose that fonn which oilers the least possible 
resistance to the medimu through which it revolves, and on 
this account the ring should be smooth and truly circular ; 
the radii being made with a thin edge to the air. It is 
also necessary that the various pieces connected with the 
fly, should be cast in the most solid manner, as the centri- 

^1 force of so large a mass frequently moving at the 
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rale of more than three hundred feet per second, Would, in 
the event of any part flying off, be productive of the moibt 
fatal consequences. 

Messrs. Murray and Wood form the radiating arms or 
.cross bars of an elliptic figure, the narrowest edge meet^ 
ing the ahr^ and to these eminent engineers we are in- 
debted for the Allowing rule for proportioning the fly- 
wheel of the steam engine. Multiply the number of 
horse power of the engine by 2000, and divide it by the 
square of the intended velocity of the circumference of 
the fly-wheel in hundred-weights. Of this rule Mr. 
Buchanan furnishes an example r to find the weight of a 
fly-wheel proper for an engine of twenty horses* power, 
snppomng the fly-wheel to, be 18 feet in diameter,, and to 
make 22 revolutions per second : wheel 18 feet diameter 
r= 56 feet in circumference ; x 22 revolutions per minute 
=3:1^232 feet motion per minute -t- 60 = 20^ feet motion 
per second for the motion of the circumference of the fly- 
wheel. Then 204^ feet per minute squared, = 420^, and 
twenty horses' power x 2000 = 40000 -f- 420^ s ga4 
X5wt. of the wheel, required. 
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A Table shetmng the Pbrce which the Coimecting^od of a 
' Steam Engine has to turn round the Ctdnk at different 
parts of the Motion. 

The parts of the engine are supposed to have the fol- 
lowing proportions: length of the stroke, 1 ; length of the 
beam, 2 ; length of the crank, .5 ; length of the connects 
ing*rod, 3. , , . 



Decimal Por- 
tions of the 
descent of the 
Piston, the 
whole descent 


Angle between the 

Gqnneeting-rod 

and Crauk. 


Effective length 
of the Lever upon 
which the connect- 
ing-rod acts, being 

1. 


Decimal Portion 

half a revolu- 

«on of the Fly 

Wheel. 


b^ing 1. 


9 




V 


1 
.0 


180 rtcgrcc«. 


.0 


.0 


.05 


1514 


.46 


J28 ' 


JO 


141 


.62 


.158 


J5 


131} 


.74 


.228 


.2 


12d{ 


.830 


.271 


.25 


J17| 


.^92 


.308 


.3 


110 J 


.94 


.342 


.35 


104 


.976 


.377 


.4 


97i 


.986 


.41 


.45 


91i 


1. 


.441 


.5 


85{ 


1. 


.473 


.55 


80 


.986 


.5>7 


.6 


75 


..956 „ 


.538 


.65 


69 


.92 


.572 


.7 


62| 


.88 


.607 


.75 


57| 


.824 • 


.642 


.8 


49 


.746 


.68 


.85 


42 


.66 


.723 


.9 


34 


.546 


.776 


.95 


23i 


.390 


.84 


1.0 





.0 


1. 



The third column of this table also shews the force 
which is communicated to the fly-wheel, expressed in 
decimals, the force of the piston beiiig 1. 

k2 
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The above table explains itself by the titles of its different 
columns, and it is only necessary to r^nark, that the 
variations of force are not to be considered as an absolute 
loss of power, because, when the crank has but slight 
power on arriving towards the top or bottom of the stroke, 
the pkton descends proportionably dew ; and, in conse- 
quence the steam has more time to flow into the cylinder, 
and press upon the piston with a greater power ; there- 
fore, what the piston loses in force upon the crank, it 
makes up in some degree by an increase of its power; and, 
A*om moving slower, it consumes less steam than when 
ihoving with its whole velocity, and acting with full force 
upon the crank. Hence both the power and velocity of 
the piston in the cylinder are to be considered as varying 
continually ; and if the fly is sufficiently heavy, it will be 
found that the rotative motion is very nearly regular, 
while the ascent and descent of the piston are accelerated 
from nothing at the top of the cylinder, to its g^atest 
velocity at the middle, or near the middle, aiid from that 
{^int it is retarded till it comei^ to nothing at the bottom 
6f the motion. . The table shews the exact increments and 
decrements. 

In addition however to this mode of regulating the 
velocity of the steam engine, a variety of plaiis have been 
suggested for equalizing the admission of steam; the most 
simple of which is by means of a handle connected with 
the throttle^valve. This is a thin circular vatie placed in 
the steam pipe, turning on a pivot across its centre, which 
comes through the pipe, and has a small handle flxed on 
the end of it, by turning which, the passage is opened or 
shut. When the vane is set, so that its plane is perpen- 
dicular to the axis of the pipe, it nearly fills the circular 
passage, and allows very little steam, if any, to paias by it ; 
but when the vane is turned edgeways, it presimts a very 
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small surface, and leaves the passage nearljr c^en ; so tbait 
by thus turning the handle, the atttendantcan at any time 
pegulate the speed of the Engine. 

The governor or double pendulum, is also employed for 
this purpose. This consists of twp balls, suspended by 
joints projecting from a vertical axis, which being caused 
to revolve by the machine to which if is ccmnected, will 
increase the diameter of the path described by the balls 
with the increasing speed of the machine; or, in other 
words, their centrifugal force will cause theih to fly off 
from the arbor in a degree proportionate to the velocity of 
the machine ; and this motion is made to actuate the lever 
connected with the valve, which admits the steam from 
the boiler to the cylinder. 




The balls % i are supported by the bent levers hj\ and 
as they are made to revolve with the fly-wheel axis, by 
means of a band passing round the pulley c, any increase 
in the speed of the engine will cause the balls to diverge. 
The moment this takes place, the shorter arm of the lever n 
is depressed at m, and as the other extremity / is connectcid 
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with the steam-pipe by the thr6tde-valve, the passage of 
the steam is dinunished, and the proper speed produced.. 

Another method, is to have a small pump worked by 
the engme, and raising up water into a cistern, from which 
It runs out again in a constant stream. By tl^is means the 
water will accumulate, and rise in the cistern, if the 
engine work rapidly, so as to pump more water into the 
cisteiu than will flow out of it in the same time ; and, on 
the contrary, the surface of the water will sink in the cis- 
tern, if the engine work slowly ; and a float being in the 
cistern, and connected with a wire to the throttle-valve, a 
proportionate effect will be produced on the engine.* 

The only materials that have hitherto been employed in 
the construction of steam-eng^e boilers, are iron, copper, 
wood, and stone. The latter of these was introduced by 
Mr. Brindley, who, in 1756, erected a steam engine near 
Newcastle-under-Lyne with a boiler of this description. 
It was composed of brick and stone firmly cemented toge- 
ther, and the water was heated by iron flues passing in 
various directions. An admirable cement for this species 
of boiler may be formed of boiled linseed oil, litharge, and 
red and white lead mixed, together to a proper consistence, 
and then applied as a species of mortar to the stones. If 
the joints be properly filled, a cistern thus constructed 
will never leak, nor want any very considerable repair. 

Savery's boilers were of copper, and contained about 
five or six gallons of water ; and the Marquis of Worcester 
states, in the Century of Inventions, that he employed " a 
piece of a whole cannon" for the purpose. 

The atmospheric-engine, constructed by Newcomen, 
was provided with a boiler of considerable dimensions. 



•The patent regulator invented bjr Mr. Job Rider, is described in 
-App^dix A. 
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voiDposetl of nrought-iron plates, the upper part being of 
an h^ntspherieal form to resist the elasticity of llie steaiTi ; 
add it is of considerable importance that this part of the 
boiler be accurately proportioned to the power of the 
engine. If tfae boiler-top be too ^mall, it requires the 
steam to be heated to a greater degree to increase its 
elastic force sufMcienlly to work the engine, and then the 
condensation on entering the cylinder will be greater. If 
ibe fop contain eight or fen times the quantity of steam 
used at each stroke, it will i-equire no more fire to preserve 
its elasticity than is sufficient to keep the water in a pro- 
per slate of boiling ; this, therefore, may be considered as 
the most eligible size. 

Wooden boilers have as yet we believe been exclusively 
confined to America. They were introduced by Mr. 
Anderson and Chancellor Livingston. The merits of this 
boiler are, economy in construction, and a Tery material 
saving in fuel; the latter of which advantages will be 
readily seen from the circumstance, that wood is a bad 
«oiiductor of heat, while metal is one of the best. That 
great saving in the employment of this species 

boiler where wood ts cheap is sufTiciently evident ; that 
part, however, which is above the water, and consequently 
exposed to the action of the steam, speedily decays, and 
the elastic vapour passes through the joinl*. This defect, 
however, might be remedied, by coating the internal surface 
with thin metal, which might readily be connected with 
tJte furnace and iluo, so as to make the whole boiler steain- 

■ht. 

The boiler of Messrs. Boulton and Walt's engine is so 
placed as to receive the greatest possible degree of heal, 
the Hame passing through a long flue which twice encir- 
clcs the lower part. This is kept constantly supplied 
water, to repair the waste of eviiporation by means of 
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a pump commtiiiicating with tlie liut-well; and aa it is 
necLi^sary that this sliuuld al^'ays be preserved at the 
same level, the feed-pipe is closed by a valve in tlie bot- 
tom of the cistern, which prevents the waternmning; down 
into tlic boiler until its level subsides, and shews that it 
requires replenishing. To know the exact height of tlie 
water in tlu! boiler, two cocks are mostly employed ; one 
of which is carried below tlie requisjite water-mark, and 
the other stands a little above the desired point. If steam 
should issue from both cocks, the supply has uot been 
sufficient, and more must be admitted ; but if, on the con- 
trary, water proceed from the one cock and steam from 
the other, it may then be considered about the proper 
level. 

The patent boiler employed by Mr. Woolf, is different 
from that commonly used in engines which work with 
steam of a low pressiu'e, the water being contained in 
several cylindrical tubes of cast iron which are exposed to 
the heat of the furnace nearly in an horizontal position. 
In the employment of this kind of boiler care should be 
taken that the flame and heated aii' be made to come com- 
pletely in contact with the iron tubes of which it is com- 
posed, and so as to give out the least possible portion of 
heat previous to reaching the chimney. 

This mode uf raising steam of great elasticity, by ex- 
posing a large surface in a number of heated tubes, does 
not appear to have originated with Mr. Woolf, it having 
been proposed by Mr. Blakey in a small tract which he 
published in Holland as far back as 1776. It appears, 
however, that Blakey's tubes were to be placed over each 
other upon the same principle as the gas-retorts, and the 
water passing down the healed pipes, was thus readily 
converted into stean). 

The hi^b-preesure boiler, employed in Mr. Trevilhick's 
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engine^ isi supplied with w^ler previously heated in a separate 
vessel, by a small force«pump worked by the engine, . lor 
some of the improved engines, however, another and mere 
ingenious mode has been adopted, the water being driven 
in by the action of a volume of highly expansive steam. 

Among the provisions made for the security o(the higb« 
pressure boiler, we may enumerate the soil metal plug and 
double safety-valve. The former of these contrivances is 
calculated to prevent the boiler being burst by the sudden 
introduction of water, when it has been allowed by care- 
lessness to boil dry, and become red hot; and by the em- 
ployment of two safety-valves placed in different parts c^ 
the boiler, the chance of accident is diminished at least 
one half, while the efff^ct of the engine is in' no shape im- 
paired. 

The greater part of the boilers employed in American 
steam-navigation are of wrought iron, and are usually 
more thsm a quarter of an inch in thickness, of a cylin-^ 
drical form, and about thirty inches in diameter, with a 
cast-iron end about two inches thick ; and thetestimony of 
experienced engineers, both in this country and America^ 
has invariably shewn, that such a. species of boiler, when- 
old and thin by long wear, has generally given way by a 
small rent or fissure through which the steam escapes, 
gradually taking off the internal pressure, and thus se-* 
curing the passengers adjacent from the dreadful conse- 
quences which have frequently resulted from the explosion 
of cast-iron boilers similarly constructed.'N' 



* In those boilers tliat are constantly employed witli sea- water, a great 
accumulation of salt takes place ; it is therefore necessary for ships which 
perform lonff voyages to be provided with two boilers, each of which 
should be capable of supplying the engine with the necessary quantity of 
steam. The practice of adding about 1 per cent, of potatoes to t^e bulk 
of water contained in a steam-engine boiler, which has been long practised- 



^j^i^^Lk^^. 
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from the boiler we arrive al the steanii^ipeiy 
which «honld be sufficiently capacious, and as jsihortas 
possible, to prevent too much exposure of surface to the 
atmosphere. They should pass from the upper part of' 
the boiler to the steam cylinder, in a direction inclining 
upwards, so that any condensed water that forms in them 
may run back to the boiler, instead of getting into the 
cylinder ; consequently every boiler should (if possible) 
be set or fixed lower than its steam-cylinder, and, in 
order the more effectually to prevent condensation, the 
steam pipes should be coated with hay-bands, or saw-dust 
and sacking, or some bad conductor of heat, particularly 
if they are long or much exposed to the air. 

The safety-valve being an object of considerable im- 
portance, both as regards the utility of the engine, and the 
preservation of those connected with its management, much 
attention has been given to its construction ; and to this 
highly useful appendage we would particularly call the 
reader's attention. 

The first engine that was made by Captain Savery had 
a steel-yard safety-valve, to let the steam fly off when it 
arrived at a dangerous degree of elasticity. The follow- 
ing figure will furnish a sufficiently accurate idea of this 
simple apparatus. A, the top of the boiler; B, the safety- 
valve or plug^ made to fit air-tight in the tube or valve- 
seat beneath; C, the lever working on an axis at D, and 



in this conntiy, has been introduced into France, and merits ' the en- 
comium which is bestowed on it by M. Payen, in a letter to the editor 
of the Tour de Phar. He assigns tlie true cause of the beneficial 
agency of the root. Tlie potatoe dissolves in the boiling water, forming 
a somewhat viscid liquid, which envelopes every particle of the i)recipi- 
tated calcareous salt, (usually selenite, sometimes carbonate of lime,) 
renders them slippery, so to speak, and prevents their mutual contact 
and cohesion. After a month's service, the boiler is emptied, and new 
potatoes added along with the change of water. 
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fiunkhed with a moveaUe weight, E, adjoated to balance 
the pressure of tfae steam. 




. When steam of considerable elasticity is required, the 
weight is placed at the extremity of the lever, and as siich 
acts with greater effect on the eafety-valTe than when re- 
moved to a point nearer to the axis on which it revolves. 
So that should low-pressure steam be required, it will 
only be necessary to remove it nearer the axis or centre, 
and vice versa. 

The lever and halance>ball which form this apparatus, 
would at all times be effectual were they not liable to be 
fostened by the corrosive nature of the materials of which 
the valve is composed, and, what is worse, their pressure 
altered by the addition of more weight. This, however, as 
too frequent experience has shewn, is continually the case, 
die engineer having more regard for the full performance 
of his machine thui for his own safety or life ; and to the 
overloading of this valve, these accidents may be prmci- 
pally attributed. 

To prevent a recurrence of the mischief which first 
drew the attention of the l^slature to this important part 
of the engine, and to which we have already referred, 
under the head of Steam Navigation, it appears advisable 
lo inclose the safety-valve in an iron box, and so put it be- 
yond the control of the engine-mau. 

The annexed figure represents an inaccessible safety- 
valve, calculated to answer all the purposes for which it 
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is iiiteiiJL-J, namely, the preservation of those employed in 
the neijfliboiirhood of the boiler, and economy in the use 
of steam. 




Itv this, as the preceding' diagram, A represents the 
boiler, and B the safety-valve, furnished with a small up- 
right staff, on which slide the additional weights C C C. 
' The whole is inclosed in a box D, pierced with holes to 
allow the steam to escape ai^r it has raised the valve B. 
Should high-pressure steam be wanted, it is necessary 
i «ily to increase the number of weights, and the desu^d 
ect is produced ; or if, on the contrary, steam of the 
I usual atmospheric pressure be wanted, the whole of the 
' weights may be taken off. 

I The safety-valve invented by the Chevalier Edelcrantz, 
faas nearly the same properties as that employed by Mr. 
Woolf. It consists of a small brass cylinder which is fixed 
n the boiler, and fitted with a piston made to descend 
with its own weight when raised by the pressure of the 
steam. The lower part of the cylinder being made to 
communicate with the boiler; the upper part is closed by 
a small cover screwed on to it, and perforated with a hole, 
through which the piston-rod passes freely, which serves 
the double purpose of keeping the piston perpendicular, 
and preventing it being bloivn out. The sides of the cylin- 
der are pierced with a number of small holes, placed in 
succession at a short distance above each other, so that (he 
open space for tlie steam to escape, increases with the 
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height of the yalve, and is ultimately enlarged so as to 
prevent any danger of explosion. The piston-rod is also 
furnished with a number of weights, fitting loosely on a 
small shoulder, similar to those employed in the common 
hydrometer; and these may be removed or increased at 
pleasure. 

Another advantage likely to result from the adoption of 
this safety-valve is, the facility with which it may be em^ 
ployed to regulate the fire of the steam-engine furnace to 
the intensity of the elastic vapour required. This may 
readily be effected by a register pressing on the top of the 
safety-piston, and connected with the apertures £o^ the 
admission of air, which, by increasing or decreasing the 
supply of oxygen, will produce a proportionate result on 
the steam generated in the boiler, and consequently effect 
a copsiderable saving in the expenditure of fuel. 

Another safety-valve, opening internally, has, we be^ 
lieve, also been added by Messrs. Boulton and Watt. 
This is of great utility, more particularly in large engines, 
as it prevents the sides of the boiler being crushed in by 
the sudden introduction of water, or any artificial conden- 
sation that may take place from reducing the heat of the 
boiler-head. 



CHAPTER VI. 



Savery^s Engine improved by Pontifex. — Atmospheric 
Engine. — Single-^cting Engine^ by Boulton and Watt, 
— Murray and Wood*s Engine. — High'^pressure Engine. 
— Locomotive Engine. — Maudalay^s Portable Engine. 
— JUa8terman*8 Rotatory Engine. — Smoke^consuming 
Furnaces. 

The Engine invented by Savery, and improved by 
Pontifex, possesses considerable advantages over the 
Marquis of Worcester's apparatus, and it is probable that 
the extreme simplicity of this engine will, when better 
known, bring it into more general use. With this view 
• we have selected it as the subject of our first plate, in 
preference to the original engine, the principle of which 
has been already very fully explained. The apparatus we 
are about to describe, was originally erected for the City 
Gas Works. 

Plate I. Fig. 1 and 2. represent front and side elevations 
of the cylinders, and connecting apparatus. 

Fig. 3. A back view, with section through the cistern 
and buckets. 

Fig. 4. and 5. Vertical and horizontal sections; the 
latter conunencing at the dotted line a a. Fig. 1. 

Fig. 6. and 7. Side and end view of the waggon 
boiler. 
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frj A. Fig. \. Two Bleam cylinders connected liy cross 
tubes at c c, in each of ivbioh a' vacuum ia alternately 
formed by the condensation of elastic vapour, couducted 
from the boiler by the bent tube d, and admitted to the 
steam-cylinders by means of the sUding-valve e. 

f f. Fig^. 4. Two tubes perforated with small holes for 
the admission of steam and injection water, tiie latter of 
which is distributed by falling on the strap g. 

k. The suction-pipe proceediiia^ to the bottom of the well, 
which in no case ought to exceed from twcnty-eig;ht to 
thirty feet in depth ; so that a vacuum being formed in 
the copper vessels b b, the water will be raised by the 
pressure of the atmosphere, and passing up the tube /i will 
fake the place of the elastic vapour. 

i i. Two valves placed at the upper end of the suction- 
pipe h, which allow of the upper passage of the water from 
the well, but prevent its return. 

j J. Two similar valves opening into the air-vessel 
k, to which is attached the nozzle I, serving to convey 
the water from the copper vessels to any required point. 

m. The injection tube, furnished with a valve at o, and 
intended to convey water from the box n, to the taper 
tuhesff. 
W^P' Stop-cock to regulate the supply of condensing 
^Bflter. 

^K q. Tube passing from the bottom of the cistern n, to 
the injection tube m, and furnished with a stop-cock 



The quantity of water in the cistern r is regulated by a 
floating valve i, which in Fig. 3. is represented immedi- 
ately over the pipe q, so that the valve is opened when- 
ever the water rises beyond the required depth, 

M K. Two tubes communicating with the back part of 
the chambers « «, and the inverted vessels v v, each tube 



mmttiilememnej^B.tagiBBiconm^^ ^e ba¥e:aIfeaiJly 

mm^An sepaimtii^ llie paorts in which the steam \^bs tde 

aet^iTOHi^dhoBe in which the water was to be rased ; steamp 

bdng" emph)yed meriely for the purpose of displacing "die 

tir, and.then 'forming a vacuum by condensation. 

'. In.'tbis eaginey steam of moderate expansive force is^ 

generated in the boiler Uy Plate II« by die action of the fire 

in the furnace ]&• 

» c. The steam-pipe, through which the el^c vapour 

pasiEtes to the cylinder ef. 

'■: if. The cylinder, furnished with a pli^ or pistoki^ made 

to fit.air-tight by meafisi>f a packing of hemp or any other 

elastic material* - ' ? 

: e. The piston, connected widi the workuig-beam / by 

means of a iBexible.chfdn and rod, . i 



' f. The working-beam, or lever, supported on. the 



• %• Hie pump-rod, by the alternate elevatimi and de-» 
pression oi which the water is raised to any required 
height. 

'/i:, Injection-pipe^ connected with the cold wat^ cistern 
l^tj^Vandfumishedrwitha small branch pipe /, to supply 
the upper side of the piston .with water. ; 

« m.' £du<^iou»pip^, fu)>nished with a vsdve atM, to pre- 
vent the return of the- water fro/a the' hot-weHio. ^l^ 

j»» Waste-pipe, to conduct the superfluous wat^ from 
the top of the cylinder to the hot-welL : 

.'^ Injection and st^am«cO(^ks, alternately c^p^ed. and 
shut by the plug-frame r, so that when the steam-pipe c 
js' open to the cylinder, the connection with the injection 
cistern is closed, and vice ve$'S($. . 

^« The feeding-pipe, to supply the boiler with water, 
furnished wiUi a cock at t» 
i V* The snifting-valve, by which» at every ascent of the 
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I pislon, tlie air extricated fro 



the • 



indensiiig' water 



I driven out by the pressure of tbe steam. 

u. Two gauge-cocks, connected with pipes passing 

' wto the boiler, the one longer than the other, tu ascertain 
the depth of water. Should one of these furnish steam 
and tlie other water, tlie latter may be considered at the 
required height. But if on the contrary both give steam, 
or both water, it is too high or too low. 

to, Forcing-pimip, worked by the main beam, for the 
supply of the infection-cistern, with wliich it communi- 
cates by means of the pipe xx. 

When the atmospheric engine is set to work, the boiler 
must be filled rather more than half tiill of water, and the 
steam having attained a pressure of about one pound on 
each square inch of the boiler, the pump-rods will pre- 
ponderate, and the piston be drawn to the top of the cy- 
linder. In a few moments the elastic vapour will be seen 
lu issue from tbe snifting-val ve ti, and the communication 
with the boiler being then closed, tbe injection water must 
be admitted, which condenses the steam, and of course 
forms a vacuum beneath the piston. The downward pres- 
sure of the atmosphere being now unbalanced by any re« 
sisting medium beneath, acts upon the piston with a force 
proportioned to its area, and it is made to descend with 
considerable velocity, at the same time raising tbe 

r^ump-rods h to connected with the opposite end of. the 



) In adjusting the working beam, it is necessary tu allow 
Sie end connected with the pump-rods to preponderate) 
Aid this is accomplished by means of a moveable cuunter- 
Eweight. When an engine is erected on a mine, where tli« 
iieplh of the shaft is continually increasing, the quantity of 
rater first lifted by the pumps being small, tbe engine 
ut work slow, and the counter-weight be in pioportiov* 
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Mcfwmute befa^ made for the liglitiiefls of the pnmp-rodi^ 
which increase in .weight wilh the progregs dT die mine4 
Ifi dt^' mirly stsigeft, however, the injection mutt he very 
ftpmnngly iapplied, so as to condense imperfectly within 
the cylinder, or the pnton will descend with such velocity 
«i to destroy the whole apparatus, 
t The boiler of Newcomen's engine was .placed imniedi^ 
ately beneath the cylinder ; but this arrangement has, in 
the later engines, been materially improved; die boiler 
being now detached from the engine-room ; and by dijs 
plan a considerable saving in the height of the engine»hoiise 
is also effbcted* 

We have already stated that Mr. Watt*8 great improves 
■sent consisted in condensing the steam in a separata ves« 
«rt ; the mternal part of the cylinder being kept at the 
tanperature of boiling water, so that the cbntimied waste 
^steam, and consequently of fuel, that occurred by fosm*^ 
img a vacuum beneath the piston in the atmosphmc engine^ 
was in this case avoided. 

• The nature of diis improvement will be best understood 
by reference to the Singbmaciing Engine^ that forma the 
4nbject eSPhae III. in which a represents the boiler, en* 
closed in a casing of brick winrk. 

b. The steam^ipe, ccmnecting die cylind^ c with the 



c. The cylinder, firmly attached to. the flocMr of the 
engine-room by the bolts d d, and having its upper end 
enclosed by the cap e, through which the pistoMrod is 
made to worit air-itigiit. 

' f g. The beam. Working on its axis en* fulcrum at i, 
the socket in which the axis revolves resting on. the floor 
and wall t. 

J. The pump«rod, suspended at the end g xyf the. work^ 
4iig«beatiu 
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■ k. The piston-rod, conaected by the pandlel motion at 
^with the workiusf -beamy 17. 

m. The condensing; cistern, containing the air-pump », 
Ihe condenser, and hot-well o; a continued supply of 
irater being procured by the action of the cold water 
pump p, while the overflow is carried off by a waste pipe 
to the well y,-so that nearly the whole of the external part 
of the apparatus is kept at the same temperature as the 
surrounding atmosphere. 
• r and g. The upper and lower steam-valves. 

I, The exhaustion- valve. 

- V, The plng-beam, furnished with pins to give motion 
to the levers acting on the valves rst. 

- ». A pump, to raise water from the hut-well o to supply 
Ae boiler, which is effected by the pipe 10 10, the small 
fejsternx being provided with a valve and lever furnished 
with a wire passim^ down to the boiler at y. The lower 
■«nd of the wire is attached to a weight, which by its de«- 
Sent opens the steel-yard valve, and allows the admission 
«f an additional supply of water when evaporation renders 
it necessary. 

1 z. The man-hole, or aperture, formed in the top of the 
boiler, by openingthecap of which the necessary cleaning 
>klid repairs are effected. 

; The single-actiiig engine (to which we have thus briefly 
referred) is merely employed to raise water ; the steam 
acting above the piston, while a vacuum is formed be- 
neath. A more minute description of the very compact 
3ouble>«cting engine of Messrs. Fenton, Murray, and 
Wood, will best serve to explain the internal mechanism 
and mode of working one of these gigantic machines. 
■ Before, however, we proceed to an exauiinatioti of its 
internal mechanism, it may be advisable to take a brief 
view of the general arrangement of its parts as exhibked 
engine of twenly-borwi-power erected at Leeds. 



isd 
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Plate IV. A A A. Foundation walls and masonry of the 
gilding- on which the engine is erected. 

B. The steam-cylinder, enclosed in a jacket or casing- 
L- of cast iron, lo exclude the atmospheric air from the 
I dylinder, which is thus kept at the temperature of boiling 
I'iNter. 

CC. The pipe which conducts the steam from the 
I Itoiler to the valve-tiibe DD. 

EE. The eduction-pipe leading to the condenser F. 

G. The air-pump, which with the condenser F is im- 
I mersed in the cold-water cistern H. 

1. The cold waler pump, which supplies the cistern H 
by the pipe J, 

K. The hot-water pump, furnished with the piston-rod 
P, the upper part of which is connected with the workings 
beam at Q, so that at each elevation of the beam a quantity 
of hot water is furnished to supply the waste by evapora- 
tion. 

L. The piston-rod, coninicted with the parallel motion 
MM. 

NO. Two rods, attached to the opposite ends of the 
working-beam, and connected with the air and cold-water 
pumps I G. 

Q. The ivorfcing-beam, supported by the cast-iron 
column R. 

S. The connecting-rod, the lower part of which is at- 
tached to the crank T, while the other is elevated or de- 
pressed by the alternate motion of the working-beam. 

V. A spur-wheel, attached lo the crank-shaft, and 
working in a pinion V, by which it gives motion to the 
fly-wheel W. 

XYZ. Three beveled wheels; the first of which is at- 
tached to the crank-shaft, and by the intermediate wheel 
and shaft gives motion to the third, which by a concentric 
roller moves the valves. 
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Tlie parts of the eng;ine we have thus briefly noticed, 
differ l>iit little from the ordinary double-acting' eog'iiie of 
Messrs. Boidton and Watt ; and it will be necef^sary to re> 

tfer to the enlarged scale on the following plate for a more 
accurate description of the working* of the valves, &c. 
Plate V. Fig 1 and 2, represent sections of the steam- 
pipes, Taives, and communicating rods. 
i C. The steam-pipe, furnished with a throttle- valve at a, 
ta regulate the supply of steam to the engine. This is ef- 
fected by the action of the lever b, and connectinir-rod c, 
which comnuinicates the action of the governor ^ to the 
falve a; while a rotatory motion ia commtmicated to the 
waxis of the governor, by means of a band passing from a 
■pulley on the crank-shaft to a similar pulley on the axis 
B%f the governor. 

W e e. Two bent levers passing through a sJit in the 

^'jnrddle of the t^pindle, and turning upon an axis at,/I The 

upper part of the spindle is furnished with a socket k, 

which is allowed to ascend when the centrifugal force of 

*he governor increases. Should, however, its motion de- 

\f- crease, the balls j j will descend, while the socket h wili 

V%ficend, and with it the lever/. 

^ • c. A rod connerting the levers I and b, which by their 
^oint action communicate the motion of the govertior. to the 
■throttle-valve a, so that when the engine is at rest the 
balls; / will also be resting against the anna k k, the up- 
per end of the levers ee will be brought nearer to each 
■other, and the rod c being raised, the throttle-valre will 
be turned in a horizontal dh-ection, thus allowing a large 
portion of steam to pass through tiie pipe C. 

D D. , A pipe connecting the top and bottom of the ry- 
^-^iiider with the throttle- valve a. 

E. The cducCion-pipe, passing donii to the condenser. 
The yalves a o have each a cylindrical titbe or spindle 
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jMniii; tliroi^ dM9 8luffliig4)oxi[^ r and $f lo Ae upper 
(fend of which are screwed tiro other shiffiiig^boxeB t vA tl» 
flo thitt both Talves are allowed to slide np or down with* 
out pa'niittii^ the steam to pass. 

p q. Two other valves simSar to » o, whose spmdiis 
pass through the stuffingwboxes tu. 

Tig. 2, is a front view of the two sliding: hara which 
mro intended to give motion to die valves n op q. These 
Bars are kept in a perpendicular direction by the pieces ;r«; 
and the g^uide !• In the lower ends of the bars are two 
friction ndlers 3 3, which are acted upon by the two eo# 
centric wheels 44, and raised and depressed allenmlely 
by the upward and downward stroke of the engiae. 
* Thekorizontal shaft Z derives its motion from a amiiUir 
shaft Y placed at right angles, communieatii^ by maaoi 
<if beveled wheeb with the crank*«shafi. 
/ 9f 10, 11, and 12, are four arms, fixed to the bars 9i% 
mni'W Wy for the pnrpcise of moving the valves, 

18. A levor or handle revolving upon a stud screwed ia 
the pipe E, which, by its action, is. made to op«i and shot 
ibe steam^valves when the oigine is fiin^ set t0 work* 

18. A mercurial or barometer gauge for measudug tW 
presBiyre of die stieam above or below that of the ^tmos- 
pliers. One end of the barometer-gauge enters the steams 
pipe DD, while the other is open to the atmaspherQ and 
^ftunished with a gauge. 

^e communlcxitiQn between the barometer-gaiga imd 
sieam^pipe may be closed at pleasure by the stop-^oek 18. 
In the lower or bent part of the tube is plaeed a quantity 
of mercury, and it will be evident that upon opeuing the 
cpck 19, the pressure of the steam endeavouriiig.to pass 
by the pipe DD, will be counterbalanced by the pressure 
of the atmosphere. Should, however, the elastidi^ of the 
exeeed that of the atmosphere, the mercury will be 
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1 in the outer leg of the gauge, aui! the difference in 
the altitude of the two columns will show the working 
power of the eteam. When the altitude of the eoluuiu 18 
exceeds that of 19 two inches, the pressure of the stetuii 
will exceed that of the atmosphere nearly one pound per 
square inch, 

A nearly similar instrumeot is also employed to ascer- 
tain the decree of rarefaction in the condenser. It consists 
of a bent irou tube 21, the lower end of which opens to the 
condenser. The mercury is poured into the lube at the 
open end 23, and the stop-cock 22 being opened, the mer- 
curial column at 33 will be depressed, while that on th* 
opposite side will be raised in a proportionate degree. 
This effect is produced by the vacuum formed in the con- 
denser. If the condenser and air-pump are in good ordef) 
the mercury will descend about fourteen or fifteen inches, 
which will indicate a pressure of so many pounds upon 
the square inch. So that if we refer to the two gauges, it 
will be found that the total amoant of power, or acting 
force upon the piston, will be represented by the difference 
in the altitude of the two mercurial columns added to- 
gether. 

To put the engine in action, the fly-wheel W, Plate IV. 
must be turned till the crank T is in a horizontal direction, 
when the piston will be in the middle of the cylinder B, 
and the eccentric wheel 4 on the upper side of the shaft Z. 
The bar wur, will also be raised, together with the valves o 
and p, and the handle 13 beiug turned, a passage will be 
opened for the steam to blow from the pipe C, and thus 
expel the atmospheric air, which previously filled the dif- 
ferent parts of the engine. When this is effected, and the 
temperature of the engine raised, the lever 13 must be 
turned to its original situation ; the bar t; v, together with 

i valves, will descend, and the steam will be shut off 
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ftom the uppeTsideof the- cylinder; 'while, af 'ithe'sa^e 
time, the pasHBge will be stopped betwe«i the underside 
iif tiie pietoa and tlie condenser. The injectioa-cock must 
UOW be opened, which will admit a amall jet of cold water 
intp'the condenser, and a vadium witl^be funned above 
the piston, while the steam is entering beneath jvith a pres- 
tmre eqo&l to. or greater than that of tIie;alBKiip1ftre. : . 
t-: The pistoii^od being' ifansrinade to asc^id in'thG cy^ 
KMefj-tiie opposite end of the beam Q will be depressed 
n'd.^}»op«rti6tiate degree, and the rod S,.aS well as the 
cradi T, will also descaend, and a rotatory mo^iMi -be pro- 
duced.' Tibe fly-w^ieel will also have acquired a'sufficient 
degreie of momentum to carry the cr&nk pa«t^e perpen- 
dicular, and the piston wiH have arrived at the top of the 
^liuder; the situation of.tbe valves beii^ reviereed.by the 
jMAion!of theexcentric wheels;.and a continuous motioa is 
dius- prodnced. 

f.; .The High'pressure~Engi»e, in its moiit sioiple form, may 
' 'Casily be decribedby reference to the ibllo^iog difi^;ram. 
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!■ The cylinder A is famished with a piston and rod B, 
the latter being made to tit air-tig;ht in a stutHn^-box at the 
top of the cylinder. A four-way cock c is also provided 
fur the admission of highly elastic vapour, and its subse- 
quent discharge into the atmosphere. The action of the 
fourway-cock will be best understood by the section D ; in 
which c represents the waste-pipe connected with the 
chimney, while two other apertures serve to convey the 
steam alternately to the upper and under side of the 
piston, and a third communicates with the steam-boiler. 
So that if we suppose the piston to be in an ascending di- 
rection, and the steam of course entering the cylinder be- 
neath, a communication will at the same time be formed 
between the upper side of the piston and the atmosphere, 
while the steam that had previously been employed to de- 
press the piston is now allowed to escape. When the 
piston has reached the top of the cylinder, the cock is 
turned, and its action reversed, the steam now entering 
above the piston, while a communication is formed for its 
escape beneath. 

The remaining parts of the high-pi-essure engine, as 
constructed by Messrs. Trevithick, may very easily be 
understood. The boiler consists of a large cylinder of 
wrought or cast iron, made very strong, and placed with 
its axis horizontally upon short feet or pillars of cast iron; 
the boiler has a flanch at one of its ends to screw on the 
end or cover, which has the requisite openings for the 
fire-door, the man-hole, the exit for the smoke, and the 
gauge-cocks. The fire is contained within the boder iu a 
cylindrical tube of wrought iron, which is surrounded 
with water on all sides ; one end of this tube is attached to 
the end or cover of the boiler, and Is divided into two 
parts fay having the fire-grate extended across it; the fire- 

miAooT closes the opening in the upper half, which is the 
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fire-place, the lower half fomiing' the ash-pit; the lifbe 
ext^ids nearly to the end of the boiler^ where it is redaced 
lb size, then doiiblesy and retams hack in a directbn f»i 
rallel to the first tube or fire-place, to form the flue, till it 
Imves at the end of the tn^er, throngh which it passes at 
flie side of the fire-door, and it is then conducted from it 
into the chimney, thus carrying off the smoke. 

At the part where the flue enters the chimney, is a snutU 
doer to remove any soot that may have accumulated. Oa 
the top of the bofler is a safety-valve^ kept down by a Icfver 
and weight, to allow the steam to escape in case it becomei* 
so strong as to endanger the bursting of the boHei^. The 
^linder of the engine stands in a p^rpendioidar direction, 
and is enclosed within the boiler, except a few indies of 
its upper end, at which the four-passaged cock is iitoaie^ 
Imd the ianeh which screwts on the lid, widi die stuffing^^ 
box foit the piston-rod to pass through. The boiler hiks a 
jpvojecting neck, into which ^ cylinder is received, and it 
is fastened m its place by a ftaitch round the upperend ef 
the neck of the boiler, which is united by screws la a sind* 
lair fianch projecting from the cylinder. The upper ^nd 
(of the piston-rod is fastened to the middle of a crcwBihte^ 
which M placed in a directi<»i at right angleis to the laigth 
rf the boiler, and guided in ito ascendingr «.d deioendins 
motion, by sliding between two perpendieriar iron md% 
fixed to the boiler, parallel to each other, being toonected 
together at top, and firmly supported ther^ by fwo'diage^ 
tal stays extending' firom the other end of the boiler, aid 
secured to the flancb, which screws on the end of Ae 
boiler. At the ends of the cross bar of the pisten-rod, tb^ 
two connectmg rods are jointed, and the lower ends of 
th^D are connected with two cranks, fitted upon im axis^ 
extending across beneath the boiler, and under the centre 
ef the cylinder ; the axis is supported tid benrings made ia 
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i lego which support the builer, aad the fly-wheel is 
[xed in it. Oue of tfie cranks ia formed by a pin, which is 
4xed into the arm of the fly-wheel at the same radius as 
the opposite crank. The fly-wlieel 13 situate close to the 
side of the boiler, and the pin for the other crank is fixed 
into the arm of a large cog-wheel, fixed on the axis of the 
fly-wheel at the opposite side of the boiler. This wheel 
communicates the power of the engine to other toothed- 
wheels. As the piston is alternately forced up and down 
by the pressure of the steam, it carries the cross-bar with 
it, and by the connecting-rod turns the two cranks, to- 
gether with the fly-wheel, and other connecting ma- 
chinery. 

Havmg described the nature of Mr. WoolPs engine, it 
may now be advisable to examine the boiler, by which he 
proposed to generate st^am of sufficient elasticity for the 
use of the small cylinder, which requires vapour of great 
expansive force. 

The boiler represented by the following diagram, consists 
of a series of tubes of cast iron, connected by screw-bolts 
with the under side of a larger vessel, or mag'azine of the 
same material. This is furnished with four, and in some 
cases with five apertures ; the first of which. A, is intended 
for the admission of water, to supply the waste which 
continually arises from evaporation, which is effected by 
means of a small forcing-pump, as it will be evident that 
the columD must be carried lo a considerable height, be- 
fore its weight can so far overcome the resistance of the 
steam within the tube, to allow of its entering by the or- 
dinary method. 
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Mr. Woolf usually employs two safety-valves wUctt ate 
placed at B, while C represents the man-hole, and D the 
, pipe by which the steam is conveyed to the engine.* A, U 
the water-pipe. 

In Mr. Woolf's speci6cation, a method is 'pointed ont 
for applying this plan to Ae boilers of steam engines 
already in use, by placing a series of cylinders beneadi the 
present boilers, and connectiog them with each other, and 
' with the boiler above. The tubes may be made of any 
kud of metal, but cast iron is the most convenient; their 
size may also be varied, but in every case caic should hie 
taken not to make the diameter too largie ; for it most be 
ranembered, that the lara^er the diameter of any single 
tube is in such a boiler, the stronger it mnst be made in 

■ Thew, w well as tbe flancliea, uid othei iteam-dglit futasingi at a 
poTliuiitnt Btture, aie nsually cannected bj iciew-bolti and nntii « sbect 
of woollen or linen cloth coated with cement being first introduced to 
unite tlie intenening aarfacea. The cement bert adqitsd fcr ttria pnr* 
poM, from its dnrabili^ and pawerof withstancli^ the •ctionof steun, 
msj Ik thug prepared : — Take two ounces of sal ammoniac, one ounce of 
floor of sulpha r, and sixteen ounces of cast-iron filings'; these, after being 
well mixed in a mortar, mast be placed in a dr; sitoatioii, and when 
wonted for use one part of the above mixture must be blended with 
twenty parts of clean filings, saturated with a little water. On being ap- 
plied to tbe joint it will shortly become as hard as the metallic surface on 
which it is placed. 
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proportion, to enable it to bear the same expausire force 
of steani as the smaller cylinders. It is not eseentiai, Ilow- 
ecer, to the invention, that tbe tubes should be of different 
sizes; but tbe upper cylinders, and more especially the 
one which is called the steam-cyliuder, should be larger 
than the lower ones, it being the reservoir, as it were, into 
which the lower ones empty themselves. 

The following general directions are given respectinsf 
the quantity of water to be kept iji a boiler of this con- 
struction; viz. it ought always to fill, not only the whole 
of the lower tubes, but also the great steam-cylinder, A, 
to about half its diameter, that is, as high as the Are is al- 
lowed to reach. And in no case should it be allowed to 
get eH low as not to keep the vertical necks, or branches 
which join the smaller cylinders to the great cylinder, full 
of water, for the fire is only benelieially employed when 
applied, through the medium of tbe interposed metal, to 
water, to convert it into steaiii; and indeed, tbe purpose 
of the boiler would in some measure be defeated, if any of 
the parts of the tubes thus exposed to the direct action of 
the tire, should present a surface of steam instead of water, 
to receive the transmitted heat; this, however, must, more 
or less, be the case whenever the lower tubes, and even a 
part of the upper, are not kept filled witli the water. 

Respecting the furnace for this kind of boiler, it should 
always be so built as to give a long and waving course to 
the flame and heated air, so that they may, in the most 
effectual manner, strike against the sides of the tubes 
which compose the boiler, and so g'ive out the greatest 
possible portion of their heat before they reach the chim- 
ney: unless this be attended to, there wdl be a much 
greater waste of fuel than necessary, and the heat com- 
municated to the contents of the boiler will be less froiti a 
given quantity of fuel. 
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' Mr. MaUdday, m his P&HoMe Engine^ diisfp^ises with 
the beam usnally employed for cottnectii^ the fly-wheel 
erank with the piflloii-»rod ; and, in this respect, as well as^ 
m the woriting bf the valves, his ^gine materially differtt 
from those we have already described. 

Plate V. Fig. 1. Front elevation of a ten-horse*power 
engine. 

- Fig. 2. Longitudinal section of ditto, on the centre line. 

• Fig. 3. End view of ditto. 

' A. Cast-iron frame of the engine. 
R The cylinder. 

• C. The piston, furnished with a rod D, and a crdss 
head and socket £. ' 

F. Guide wheels, which keep the pi^on and rod in a 
v^tical position. 

6. Frame for ditto, in which the wheels FF are madd 
to work. 

H. Side rods, which serve to connect the cross head E 
with the double crank 1 1* 

1 1. Two cranks, made to turn in the pluttmier^block, or 
bearing, J J, at each^ side of the fVame, and4o whi<^ th^ 
fly-wheel shaft K is connected by a coufrfii^^-box ^ 
jclntch, at the end next the engine. 

K. .Fly-wheel shaft, working in a pIummef-Mock oo 
Ihe wall. 

L. Coupling-box, connecting the engine fly-wheel dbaft; 

M. The fly-wheel. 

NN. Two excentric wheels, supported by the cranks 
jdiaft K, the action of which g^ve motion to the two beams 
O and T^ by means of Uie G(mnecting-rods PP. 

O. The beam which works the cold-water pump S; 
. pp. Two cminectiiig-rods. 

i. .Q. The double bearing, on which the cold-water pump* 
1>eam work's. 
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* R. A rod which gerveft to connect the bucket of the 
«iildi^water pump with the beam O. 
- S; The b«rrel of the cold-water pump. 
- T. Beam which worki^ the )m and hot-water pvmpsy 
«iBd to which motion » communksated by the oonnecting- 
irods P, as before described. 

U. The- slings which connect the air-pump rod to the 
«nd<ftrth^beamT. 

V. The double bearing, or centre, on which the air- 
putnp beun T works. 
' W. The air-pump bucket. 

X. Aii^uiiip cylinder. 

Y. HoUwater puknp, worked by a small rod, attached 
to the air-pump beam. 

Z. Feed-pipe, to supply the boiler with hot water. 

a. Gross-roil on which a guide is fixed td confine the 
air-pump rod in a vertical position. ' 

b. The condenser. 

o. The Cold water "cisterns, connected by a pipet^ 
. e. Eduction pip6, or passage for the steam from the 
cylinder to the condenser. 

yi Injection cock, td admit the cold water into the con- 
denser. 

' g, Fboti^valTej at the bottom of the air-pump, and com- 
municating from thence to the condenser. 

h, Hand^-gMr, ibr stopping or starting the engine. 
' 9. A rod eetaiiecting the huid-gear with an excentric 
pieee k fixed on die crank-shaft; the action of which ccm- 
mnnicates a vihtBiorf niotion to- the rod t . 

/• Connecting-rod, and double-ended lever nc^ fixed fA 
the extreme end of a spindle^ while a bevels wheel is at- 
tached to the ^her ; the latter of which works the spindle 
of the steam-cone it. 

o. The steam-cone, or cock, for ^^dmitting the steam 

M 
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from the boiler to Ihe cylinder; beyond wjbieh is.a epn-^ 
trivance for shutting off the steam, at the half, or imy 
odier part of the stroke, by which a very considerable say- 
ng in the steam, and consequently in the fud, is effected. 
It will very readily be seen, that the cone employed in 
this engine, for regulating the passage of the steam Iram 
the boiler to the cylinder, differs very materially from the 
valves in Messrs. Murray and Wood's ei^^ine, . and a 
slight examination of the sectional view in Plaie Y, wQl 
shew that the greater degree of friction that m««t of n^ 
cessity attend the former contrivance, is more than com- 
pensated by its superior tightness and simplicity. 

A. represents an end view of the cylinder and steam- 
cone. 

B. Side view of ditto. 

C. Plan of ditto, taken at the horizontal line D. 

E. Steam-pipe. 

F. Pipe, communicating with the condense. 

G. Steam-cone, ground into its seat, and connected with 
the grease^up H, by the means of which a rq^Iar supply 
ofoil is furnished. 

I. Plan of the steam-cone and passages, by which a 
communication is alternately opened between the steam- 
pipe and the upper end of the cylinder, and the condenser 
and the lower end of the cylinder, and vice versa. 

When we consider the reciprocating steam-engine ip its 
pfresent most improved state, both with respect to the ad- 
mirable expedients for adapting it to the end proposed, 
and the skill displayed in the workmanship, we may almost 
▼enture to conclude that it has reached its utmost d^iree 
of perfection ; and yet it must be acknowledged, that it 
absorbs nearly half the power of the steam employed in 
friction, and in alternating its movements. This £EM:t will 
be apparent by cidculating what pressure on the piston of 
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n reciprocating: condensing engine would be required to 
prodncL' its nominal power; and it will be generally 
found, that (with the common speed) this will be obtained 
Iny accounting only from six to seven pounds pressure, per 
square inch, on the piston of small power engines ; seven 
to eight pounds as to engines of from ten to tliirly-horse 
powers; and from eight to nine pounds as to engines of 
larger powers, though the actual pressure on the piston is 
about sixteen pounds. 

We have seen, that steam engines were, in the first in- 
stance, used for raisiug water, for which purpose the al- 
ternating motion of the beam is well adapted ; at present, 
I kowever, by far the greater number of reciprocating steam 
•ngiues are required to impart a rotatory motion to the 
/ machinery attached to them. 

The loss of power, to which we have already alluded, 

L together with the expense of the construction of the reci- 

I procating engine, have induced numerous attempts to in- 

I vent ao engine imparting a rotatory motion in the tirst 

L distance ; and the recent application of this prime mover 

I the purposes of navigation, has also acted as an ad- 

iUtional stimulus to the attainment of so desirable an object, 

! inconveniences of a reciprocating engine being most 

msibly felt in steam -vessels. Hitherto, however, those 

tempts have been attended with only partial success; for 

lougli many patent inventions have come under our ob- 

f' •orvation, the principal of which will be found in the Ap- 

I pendix attached to this work, they have altogether failed 

in attaining any decided superiority over the reciprocating 

gine, either from excessive friction, or the expense and 

nicety of workmanship required both in their construction 

and repairs. 

Those difficulties appear to be partially obviated in 

Uessrs. Mastenpaa's Rotatory Engine.- the entue fric- 

m2 
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tion of one of tbose engines (without a .condenser) hav* 
ing been proved, from actual experknent, not to. exce^ 
half a pound per square inch on the valres; the expense 
of constructicMi being very considerably less than that of 
reciprocating eng^ines, particularly in the larger powers, 
and the . extraordmary simplicity of its parts securing it 
from almost any expense for repairs. For steam navigatimi 
it appears admirably adapted, and when u^sed witlhm^- 
cury instead of water, combines, in an emuient degree, 
economy of space and fuel, 

• Plate YIII. Fig. 1. is a yertical and central section, of 
the revolving part of the ei^ine, called the troke, which is 
composed of a centre <2, called the nucleus, of six hoHow 
arms &, 1 to 6^ called radii, and of a hollow ring c o, called 
the annulus. 

• Fig. 3. represents the nucleus ; one end m is a perfect 
circular plane^ called the fiice ; six holes of similar figure 
and dimensions' are sunk in the face at equal distances 
from each other, following a direction paralld with the 
axis «, until halfway through the nucleus, then^ assuming 
a direction at right angles with the axis, they open in the 
periphery of the BHclens. 

The axis passes through the centre of the nucleus at 
]%ht aisles to the plane of the face. Hie anntdus consists 
of six equal parts, in each of which is fixed a! steam-tight 
▼alvt^, exactly similar, and opening in the same direction 
1^ a hinge placed in the side of the annulus nearest the 
^is. 

The rods which form the hinges of the valves^^project 
Arough stuffi^oboxes in the side of the annulus ; and on 
each of these prc^ctions is placed a lever, at sueh an 
angle with the valve as to point to the axis when die valve 
is YifAi open; and at the extremity of each lever is a 
weight d^ more than sofiicient to counteipoise the weight 
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of the valve against wfiieh it acts. In the side of the an- 
nulus nearest the axis, are six holes at equal distan(5es 
from each other ; these holes are connected with the holes 
opening into the periphery of the nucleus by means of the 
hollow radii b^ 1 to 6, thus forming a steam-tight commu-' 
nication between each -hole in the &ce and the inside of 
the annulus. 

Fig. 4, is a section of a metal plate or mask, which is of 
equal diameter with the face, having one side ground - 
perfectly flat. 

Through the centre of the ma6k is a circular hole e to 
admit the end of the axis. In the space surrounding dii^ 
hole there are three other holes, jp, t, and /. The holes i 
and / ai'e each of such dimensions as to extend over one of 
the holes in the face and the adjoining space; and the 
space in the mask between the holes t and I is of such di- 
mensions, as jiist to cover completely one of the holes in 
the face. 

The holes p i and / terminate in lateral apertures, as re* 
presented in Fig. 5. The hole / k connected wid) the 
boiler by a steam-pipe; the hole t with' the condenser^ if 
one be used^ or discharges the steam into the air. To the 
hole/) is fixed a perpendicular pipe, rising above the level 
of flte troke. 

The mask does not revolve, but is kept closely pressed 
against the jface by means of the nuti cmd rings, Fig« 6; 
which are fixed on the end of tlie axis e; tind it is maiiw 
taiued in such a position, that the space between / and i is 
just above the level of the centre of the troke, and on the 
side of the axis nearest the closed valve in Fig. 1. 

Fig. 2. is a section on the plane of the axis of the trokd 
mounted on its axis, together with the mask applied to the 
face, and of a reservoir k at the top of the pipe A, for sup-* 
plying the interior of the annulus with water. To the end 
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\ of the axis farthest from the fkce, the machinery to wiridi 
it is proposed to impart motion is affixed. 

The engine is worked by steam and water as followf. 
Tbe annulus is in the first place half filled with water, 
either admitted cold, and heated hy sufferings the steam to 
flow into it through the pipe e, or admitted in a heated 
state fi'om the boiler. Ou the steam valve being opened, 
, tbe «team enters the hole I in the mask, Fig. 4. throogb 
[ tbe pipe /, Fig. 5, aud passes thence through the hole in 
I the face which happens to he opposite lo the aperture in 
f die mask, and enters the annulus ; then rising through the 
I water, it is stopped by the valve d, immediately above the 
[■radius by which it entered, which wdl then be closed. 
I The steam resisted by the valve, acta against the surface 
fof the water below it, and pressing it downwards, pro- 
I {KiTtionably raises it on tbe opposite side of the annulus, 
I mtii the pressure of the column of water acting against 
I the closed valve, through the medium of the steam, is suf^ 
i ficient to overcome the resistance. The troke is now made 
I to revolve, and, as it revolves, each of the holes in the face 
L iMmmunicates in succession with the hole I, and, by this 
E construction, one entire hole in the face, or parts of two 
r^ual in proportion to one, is always in communication 
I V'ith the hole /; so that there is a continual flow of steam 
I into the annulus, causing the water, through its medium, 
\ to exert a constant and uniform pressure on the valves as 
r tbey ascend. The holes in the face, as they pass in suc- 
j cession from the hole / lo the hole i are entirely closed by 
f &c space between them ; and, immediately on commuui- 
[ eating with the hole t, the steam rushes from the annulus 
r through that hole into the condenser, or into the air; and 
f liie pressure of steam being thus removed from the valves, 
I they will open by the gravity of the weights d, as they 
^in to descend, and thus allow tbe column of water to 
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on that side of t)ie annulus. Thus a nnironu rota- 
tory motion is produced and maintained as long; as the 
steam continues to flow into the annulus, and acting with 
a force proportionate to the difference of level in the water. 

In Fig. 1 . the troke is represented as revolving, and the 
steam flowing into the annulus, through the radius b I; J" 
represents the steam in the annulus between the closed 
valve and the depressed surface of the water; g the water 
raised on the opposite side of the annulus, while the re- 
maining or darkest part of the annulus is where the valve 
and the upper surface of the water are relieved from pres- 
sure, the steam having discharged itself through b 6. 

The steam may be admitted through a radius mure or 
less horizoolal, according as the coliunn of water is higher 
or lower, by means of au inner mask, which changes its 
position ; the closing spot of the valves may also be regu- 
lated accordingly, by means of catches acting on their 
levers. The troke is of cast iron, and, to prevent conden- 
sation, it is enclosed in a steam-tight case. 

From this brief examination of Messrs. iUasterman's 
engine, it will, we think, be apparent, that the troke alone 
performs the united function of cylinder, piston, beam, 
crank, and fly-wheel ; thus ensuring a decided superiority 
l*Ter the reciprocating engine. 

E. The advantages resulting from the use of steam engines 
have, in some cases, been considered as fully equipoised 
by the smoke and noxious efiluvia which proceed from 
their capacious vomitories; and this, in large manu- 
.frcturing towns, is indeed an evil of some importance, 
rto obviate which a variety of contrivances have been sug- 
gested. 

The first attempt at coumnting smoke, appears to have 
been made by M, Dalesmc, a French engineer, who ex- 
liibited a contrivance of this description at the Fair of >St. 
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Geiroaine in 1686*. In 17P5 Mr, Watt obtained a patPtif 
for the construction of an €cononiiral furnaoe, wiiicli not 
only consumed tbe smoke, but employed it as mi useful 
auxdiary in increasing tlie,heat. To understand this it 
will be iiece««ary to observe, that tbe dense smoke nhich 
ia usually discharged at the top of the chimney, is, in (act, 
so miicli g'ood fuel, which requires but a sufHcient supply 
of oxygen to render it fit for combustion. 

Mr. Watt accomplished this in bis early engines by 
stopping up every avenue to tbe chimney, except such as 
laight be left in the interstices of the ignited fuel, and the 
smoke from the fresh coal was consumed by passing 
through the burning fbel or coke. 

A variety of improvements have since been introduced, 
an account of which will be found in Appendix (B,) and 
we shall content ourselves, in (he present instance, with 
briefly noticing those that appear best calculated to answer 
their hi tended purpose, 

Mr. Roberton's plan is nearly similar to that employed 
by Mr. Watt. The opening through which tbe fuel is in- 
troduced into tbe furnace is shaped like a hopper, from 
the mouth or entrance of which it inclines downward to 
the place where the fire rests on the bottom grate. The 
fresh coals contained in the hopper answer the purpose of 
a fire-door, and the principal point to be attended to in the 
management of this furnace is, that the hopper shall be so 
filled with small coal as to prevent as much as possible 
the passage of atmospheric air by the hopper. Beneath 
the lower part of the hopper tbe furnace is provided with 
Iront bars, which serve to admit air among the fuel which 
IB undergoing the process of coking in tbe lower part of 
the hopper, and at the same time o^rs a ready mode of 



' Vide TrMiiacUons of the Royal Suuie^, toI. iyI, |i. 78. 
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HbsTJng the ignifed fuel thus deprived oi' its smoke upon 
^^fte centre of tlie burning mass, where it is completely 
^RbRsumed, while an additional supply of fresh coal falls 
down the hopper to supply its place. By this arrange- 
ment, and the judicious admission of a thin stratum of 
fresh air. by a valve placed near the mouth of the hopper, 
the quantity of smoke is considerably reduced, the whole 
of the fuel being brought into a state of ignition before it 
has arrived at the riiiddle of the burning mass, and a suf- 
ficient supply of oxygen is furnished by the air-valve for 
the purpose of combustion. 

Sir William Congreve's invention consists in the appli- 
cation of chalk, or any other calcareous substance con- 
vertible Into lime by means of heat, as auxiliaries to the 
ordinary articles of fuel. This is effected by converting 
the furnace into a species of lime-kiln, in which the mass 
of heated coal is employed not ouly to heat the boiler, but 
calcine a large quantity of the above substance ; thus con- 
centrating and keeping in action a most powerful heat in 
aid of the ordinary operation of the fuel. 

The following is the substance of a series of experi- 
ments and calculations, made in the Royal Laboratory at 
Woolwich, which serve to shew the great advantages at- 
tendant on the adoption of this method. 

Thirty gallons of water were evaporated in seven hours 
by half a bushel of coai, weighing forty-two pounds, cal- 
cining at the same time one bushel and a half of lime. 
^'^li^ty-fou^ gallons of water were afterwards evaporated 
ia the same time, without burning the lime, and required 
one bushel and a half, or 126 pounds of coal. These ex- 
periments were afterwards repeated, and the same results 
obtained. 

It appears therefore, from these trials, that half a bushel 
of coal, with lime, generates very nearly the same quantity 
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Qf steam as one bushel and a half without the lime. This 
however may be better illustrated by the following^ state- 
ment of the comparative expense. 

First experiment, — Half a bushel of coal 7 

One bushel and a half of chalk . 2 

9 



Second experiment. — One bushel and a half of coal . 1 9 

In the first experiment the lime produced by this species 
of burning may fairly be averaged at nme penc^ so that, 
compared with the present mode, the saving on evap<nrat» 
11^ thirty gallons of water by means of the chalk, where a 
ready mode of disposing of the lime can be devised, is 
nearly ts. 9d. or the total expense of the fuel. 

Mr. Parkes employs an air-valve, somewhat similar to 
that of Mr. Roberton, though placed in a different part of 
the furnace ; and either of these plans, if properly managed 
by the fireman, would fully answer the end for which 
they were intended ; but unfortunately this requires a de- 
gree of mechanical skill and attention seldom found in this 
class of persons; and though the nuisance may be abated 
for a short time, or while the engine is under the immedmte 
superintendance of the engineer, no very piermanent benefit 
has yet been found to accrue. To remedy this, Mr. 
Brunton proposes to employ a mechanical apparatus com- 
pletely beyond the control of the attendant, whose atten- 
tion may in this case be almost entirely dispensed with. 
In Mr. Brunton's furnace the grate bars are made to 
revolve in an horizontal direction beneath the boiler, by 
which means the heat is uniformly distributed over the 
whole of its lower surface, and a r^^lar supply of coal is 
furnished from a hopper above. 

To effect this the axis upon which the grate turns is 
connected with the steam engine itself; and for a hoUer of 
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Mye feet diameter, it is made to perform about one revolu- 
tion per minute. Every time it arrives at a certain point, 
the channel from the coal hopper Is opened ; and in order 
to prevent the air from passing down through the coal, 
the patentee in bis specification describes a rim, upon which 
the r^tilator is tntcaded to lay, descending into a trough 
for the purpose of forming a water or sand valve. There 
is also a regulator to the feeder, connected with the damper, 
so that if the boiler become too hot, or the pressure of the 
Bteam increase, the quantity of coal supplied should be 
diminished in a proportionate degree. The nature of this 
very ingenious apparatus will however be more fully un- 
, jilerstood by a reference to the improved furnace, Stc 
Lerected at Messrs. Smith and Liptrap's distillery, Wliite- 
I chapel. 

Plate VIII. A A. Waggon boilers, to which the supple- 
I mentary boilers B B are attached ; the smaller or supple- 
mentary boilers being placed immediately over the fire, 
while the larger boilers derive an additional supply of heat 
from the passage of the cliimney C. 
D. Chimney doors. 

££E. Hoppers by which the coal boxes FFF are 
supplied with fuel. 

FFF. Coal boxes furnished with sliding plates, through 
the openings of which the coals are allowed to fall on the 
^_ ignited fuel, 

^b GGGG. Steam-pipes joining the waggon and supple- 
^■•mentary boilers. 

^KtJ> H. Furnace door attached to the supplementary boiler 
^Btiby a cement joint. 

^P 1 1, Doors opening into the air-flues, to assist in the 
combustion of the smoke, and to withdraw the dust that 
may fall over the edge of the lire'^^t«. 

K. Axis or spindle upon if hi(^ the grate U made to 
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revolve ; the motion being communicated direct from the 
engine by thi^ pinion and wheels L. 

M. Foundation plate, in which are f<Mrmed the pivots 
holeis for the axis K and the upright sha(% N. 

O. Feed-pipes of the waggon boilers. 

P. Steam-pipe leading to the engine. ^ 

Q. Pipe communicating with the safety-valve V. • 

R. Horizontal shaft coinmunicathig wfth th6 vertical 
axis N, and also with the engine by which the wb(^ apfm^: 
ratus is turned. 

SS. Chains attached to the damper chains, by whit^b 
the lever T is moved, and the wedge U made t6 rise or 
faH with the damper plate ; so that when the steam kin 
excess, it may diminish the supply of coeds in pfoportuw 
to that excess, and vice versa. 

y . Safety-valve. 

W. Self-acting stop-valve, to prevent the f^team passtng 
ih)m one boiler to the other when two boilers 9te used* 

X. A rod connected with the lever Y, which by press^ 
ing upon the stop-valve, closes the communi<^ofti between 

m 

the two boilers, when a reduced supply of steam' is re- 
quired. . ' 
; Z. Grange pipes to ascertain the amount of water in, the 
boiler. 

a. Man-hole of waggon boiler, furnish^ with 'an intaU 
, nal safety-valve 6. s f ; n i 

c. Stone float wrthin the boiler, ' " 

rf. Bridge walls. '. .. 

J\ Sand trough, in which revolves a thin plato atiaoUed 
to the firegrate, to prevent the air passing in any 'Other 
way than through the bars. « * . . ■ 

h. The fire bricks surrounding the grate biirs. ^ . * 

i A scraper attached to the grat^e, and, ivhic^h revolvi^ 
with it, cleans the air^fltie. ? : ./A ^ 
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-■ From the.abave description it will be evident, tbat tbe 
great adrantage arising firoin the eiB|)IjoyiBent orihis appa« 
ratusy consists in an equable supply of coal, and in the 
smoke arising from its combustion having to jiass over the 
entire mass of burning fuel prior to entering the chimney. 
By these mean^, the greater part if not the whole of the 
smoke is consumed ; and it will be evident that the inflam- 
mable materkds of which it is composed, will furnish an 
additional supply of valuable fuel, which would otheiVise 
be thrown unconsumed into the atmosphere. As, however, 
direct experiment is the only sure test, by which this, or 
indeed any fNroject, can fairly be tried, we annex the re- 
sults arising from two experiments; the one made at the 
distillery of Messrs. Liptrap and Smith, Whitechapel, Lon- 
don, to whose kindness we are indebted for the means of 
completing the above description, and the other at the Old 
Union Mill, Birmingham. , 

At the Old Union Mill, Nine Days experiment. 
Common Fiunace consiHiied - 465^ ewt. 

Fire Regulator . - • - 290 

«■ 

The Whitechapel Distillery, Eighteen Days experiment. 
Common Fumaod' consuoled - 284 budiielB. 
FireR^ator - . - - 194. 

In the year 1813, the: late Mt. Sheffield took ^ut a pa-« 
tent for air-conductors to his improved reverberatory fur« 
naces, which^ though it was not one of the objects of the 
inventor, had the effect of consuming the smoke, by con- 
vertinfif it into flaftneu The air-conductors of Mr. . Sheffield 
were afterwards ^irecdy applied to the consumption of 
smoke by Mr. Wakefield of Manchester ; and more re- 
cently, Mr. Johnson, brewer at Salford, has taken out a 
patent for a contrivance for the same purpoi^ie, which is the 
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coaoterpart of Mr. Sheffield's air-conductor. Mr. John- 
wm's contrivance is represented in the accompanying dia- 
gram, where e is the ash-hole and fire.place ; a, the tube 




or leading part of the air-conductor ; c the paiBSi^ by 
which coals are introduced to the mass of burning fuel- 
The blocks of fire-brick or iron, at jr A and^^ are employed 
to secure a circuitous path for the inflammable materials 
that would othwwise pass directly into the chimney. The 
register I is furnished with a handle Ic to regulate the sup- 
ply of air necessary for the complete combastkm of the 
smoke. 



A brief historical view of the application of the steam- 
engine to the propelling of carriages, will be found at 
p. 42, and we now propose to furnish our readers with a 
graphic illustration of the apparatus by which this impor- 
tant desideratum in the useful arts is effected. 



GENERAL DESCRIPTION. 




We may in the first instance shew the form of a locomo- 
tive carriage, furnished with a high-pressure engine, accu- 
rately copied from the Lecture Room model, employed in 
the Anderson's Institute. The general arrangement of tlie 
apparatus will be understood by reference to tlie above 
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diagram, but the internal mechanism will require a section 
of llie e^ine to shew those parts in detail. 

In the UHMOEed diagram, a is the cylinder; b, the main 




steam pipe ; e, a friction wheel in the centre of the perpeu- 
dicular frame, which noidtea the piston move parftUe). To 
the ends of the beam are attached two connecting rods, 
wJiifh work a double crank at the axis, where the motion 
IB communicated by two wheels to the axle, g, to which 
■the propelling- wheels are attached ; ^is a lever by which 
•Ae valves are woiked by the «t«d au the axis, and i; the 
'two connecting rods which are attached^ to the end of the 
lever, work the valve piston, kf d is the common tube 
slide valve, which is surrounded by steam, supplied fixim 
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tte tnain-pipf?, wliore it cntGre. The lower tube repre- 
sented as open in the figure, allows the steam to enter 
undor the piston, which is foreed up by the steam ; at the 
same time, the ateam that was above the piston, escapes 
down through the tube tf, and is at once discharged into 
the atmosphere. When the engine is to be put in opera- 
tion, the furnace is charged with ignited charcoal, which 
soon raises enough of steam to make the carriage move 
along a rail-road with a number of loaded waggons be- 
hind it, round the Lecturer's table, on a circular road, 
eight feet in diameter. 

The preceding diagrams shew the general arrangement 
of the parts in a locomotire steam-engine on a small scale, 
and where its velocity is sufiicient to carry the whole ap- 
paratus along a path without the aid of a fly-wlieci. In 
the ordinary steam-carriage however, it is necessary to em- 
ploy two pistons working in cylinders connected with the 
same boiler, and as these act upon crauks at right angles 
to each other, any required momentum may be obtained 
without the machinery having its motion checked by the 
reciprocating action of the working beam. 

At the top of Plate IX. a view is given of a steam car- 
riage employed at Wylam Colliery, Newcastle, for which 
we are indebted to Mr. Hedley, an extensive coal viewer 
and mineral surveyor in that district. Tlie boiler a, with 
its connecting frame of wood and iron, is supported by a 
series of wheels, which rest on the rail road. The furnace 
mouth and chimney are placed at the same end of the 
boiler, the flame and heated air taking a circuitous path 
through the water. A coal-box, b, is iutendeil to supply 
fnel for the engine during its journey. 

The wheels cccc work into each other by means of 
their connecting teeth, so that when one pair of wheels is 
II motion, the whole series revolve on their axis. Two 
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working beams of lexers revolve on axes at d, and are 
attached by a double parallel motion to the piston rods 
beneath. The piston e is now depressed, and the connecting 
rod f has pushed the crank into such a position, that it 
ceases to operate effectually on the impelling wheel. A 
new impetus is now given to the engine by the second 
piston and working beam g^ so that a continuous rotatory 
motion is effected, and the carriage impelled forwards The 
motive for employing so many supporting wheels, is to 
ensure a sufficient degree of adhesion between the wheels 
and rail-road that supports them ; and also to divide the 
weight of the engine, and as such prevent its destroying 
the bars of which the road is composed. The safety valve, 
which is so essential a part of all steam-engines, is seen at 
A, and the rest of the apparatus will be sufficiendy under- 
stood by a reference to our previous description of the 
engine. 

Messrs. William and Edward Chapman have obtained a 
patent for a mode of effecting the loco-motion of the en- 
gine, by means of a chain stretched along the middle of 
the rail road, the whole length, being propejrly secured at 
each end, and at stated intervals. Thi6 chain was made to 
wind partly round, or to pass over a grooved wheel, turned 
by the engine, of such a form that the wheel could not 
turn round without causing the chain to pass idong with 
it. When this wheel was turned round by the engine, as 
the chain was fastened firmly at the end, it could not be 
drawn forwards by the wheel, the carriage.was therefore 
moved forward in the line of the chain. 

The carriages containing the goods were attached to the 
engine-carriage, and thus conveyed along the rail road. 

At intervals of every eight or ten yards, the chain was 
secured by means of upright forks, into which it fell when 
left at liberty ; this was for the purpose of taking off* the 
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j^^^tinin irom part of tlie chain, wben more than one engine 
was travelliugf by it. 

The chain was prevented clipping, when the grooved 
wheel was turned round, by friction-rollers pressing it into 
the groove, Mr. Chapman bad one of his engines tried 
upon the Hetton Rail-road, near Newcastle, but it was soon 
abandoned, owing to the great friction which arose from 
the use of the chain, which would operate considerably 
against it, and also increase its liability to get out of 
order.* 




A portable Mgh-pressuTP engine is a desideratum of 
Eyevy considerable importanci in the erection of large 
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buildings, preparing sewers^ and other works in which 
water or ballast is to be raised. On this accoant we now 
famish a view of a small apparatus well calculated for 
this purpose; and so simple is the arrangement of its 
parts, that but little of detail will be necessary for a com- 
plete illustration of the entire mechanism. The boiler coiD- 
sists of a large cylinder of cast iron, made very strong, and 
placed with its axis resting horizontally upon short feet or 
pillars of cast iron : the boiler has a flanch at one of its 
ends, to screw on the end or cover, which has the requisite 
openings for the fire door, the man hole, the exit for 
smoke, and the gauge-cocks. The fire is contained within 
the boiler, in a cylindrical tube of wrought iron, A, which 
is surrounded with water on all sides. 

At the part where the flue enters the chimney is a small 
door, to remove any soot that may have accumulated. On 
the top of the boiler, is a safety-valve, kept down by a 
lever and weight, to allow the steam to escape in case it 
becomes so strong as to endanger the bursting of tke 
boiler. The steam cylinder, c, stands in a perpendicular 
direction, and is inclosed within the boiler, except a few 
inches of it^ upper end, at which the four-passaged cock 
is situated, and the flanch which screws on the lid with 
the stuffing-box for the piston-rod to pass through. The 
boiler has a projecting neck, into which the cylinder is 
received, and it is fastened in its place by a flanch round 
the upper end of the neck of the boiler, which is united by 
screws to a flanch projecting from the cylinder at about 
one^third from its top flanch. The upper end of the piston- 
rod is .fastened to the middle of a cross-bar, which is 
placed in a direction at right angles, to the length of the 
boiler, and guided in its ascending and descending verti- 
cal motion, by sliding upon two perpendicular iron rods, 
fixed to the boiler, parallel to each other, being connected 
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together at top, and firmly supported there by two dia- 
gonal stays, extending from the other end of the boiler, 
and secured to the flanch, which screws on the end of the 
boiler. The fly-wheel is situated close to the sid6 of the 
boiler, and its axis gives motion to thejiecessary machinery. 

The progress of steam navigation has been so rapid, and 
its importance to a great commercial country like Great 
Britain must be so obvious, that it has been deemed ad- 
visable in our present enlarged notice on the steam engine, 
to furnish a view of the internal arrangement of the appa- 
ratus usually employed for propelling vessels. 

A sectional view and plan is represented in^ Plate IX. 
the double boiler for generating steam being shewn at a ; 
and b, the chimney by which the smoke is carried from the 
furnace beneath. The steam-pipe c, is partly shewn in the 
section, but its course will be better understood by a refer- 
ence to the plan, in which it is seen to unite the boiler, 
and cylinders, d rf, by the intervention of the valvei-box^/I 
The air-pump, e, is worked by the main beam ; and the ex- 
centric piece for giving motion to the valves is shewn at 
g. The paddles h A, are usually attached to the main 
crank by a coupling-box, or toothed wheels, which ena- 
bles the engineer to throw off either of the propelling wheels 
at pleasure. It will not be necessary for us to again enter 
into any detailed description of the steam engine which 
operates as a prime mover in these vessels, as the construc- 
tion of the apparatus has been already examined more mi- 
nutely than the size of our present plate will permit, and 
the only additional fact connected with the history of this 
part of our subject, is the attempt that has lately been made 
to open a communication with India by means of a steam 
vessel. This indeed, forms a new and important era in 
steam navigation, and although, owing to some unfavour- 
able circumstances attendant on the supply of fuel, the 
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In this engine a vacuum being first formed by the con- 
densation of steam, the water was afterwards raised by the 
pressure of the atmosphere to a given height from th^ 
well into the engine, and then forced out of the engine up 
the remaining height by the pressure of steam upon its 
sur&ce. This action was performed alternately in two re- 
ceivers; so that while the vacuum formed in one was 
drawing up from the well, the pressure of steam in the 
other was forcing up water to an elevated reservoir, and 
by this means a continued stream of water was produced. 

T. Newcomen and J. Cawley, 1705. 
This engine has been very fully described in a preced- 
ing 'page ; to that, therefore, with a reference to the plate, 
we shall beg to refer the reader. 

J. Hull, London, Dec. 21, 1736, 
The mode of propelling vessels by the iqpplication of 
paddle-wheels now so generally adopted, appears to have 
been originally suggested by this patent. Mr. Hull pro- 
posed to employ the atmospheric engine of Newcomen, 
which, by means of a crank communicating with the work- 
ing beam, imparted a rotatory action to the wheels or pad- 
dles which were placed at the bow of the vessel. 

James Brindley, Lancashire, 1759. 

The boiler in this engine was proposed to be made of 
wood and stone, with a cast iron fire-place within side of 
it, and surrounded on all sides, so as to give its heat to the 
water. The chimney was an iron pipe or tube, also im- 
mersed in the water of the boiler; and this plan Mr. 
Brindley expected would save a considerable portion of 
the fuel usually expended. 

Blakey, 1766. 

This patent, which consisted in an improvement upon 
Savery's engine, was in principle similar to that of Dr. 
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'spin. In this case n ([uantity of oil was placed in the re- 
ceiver, which, riBintf to the surface, Ibrmecl a species of 
piston or float between the surface of the water and the 
hot Bteani ; thus preventing the continued condensation of 
elastic vapour, which must necessarily occur in engin< 
upon the original construction. 

To effect this desirable object two receivers were to be 
used, one in the same situation as Savery's, which was to 
receive the air; and the hot steam, when admitted into it, 
forced llie air to descend by a pipe to the second receiver, 
which was at the botlom of the well from whence the water 
was expelled, and proportion ably raised in the force pipe. 

J. Watt, Birmingham, Jan. 5, 1769. 

To the great and comprehensive genius of the late Mr. 
Watt, and the spirit of rivalry which was excited in the 
mechanical world on the publication of this patent, 
which, though the earliest, is certainly the most iuiportant 
of his inventions, may be ascribed the completion of those 
improvements that have subsequently been effected in the 
steam engine. This patent, the term of which was pro- 
longed for twenty-one years from the expiration of the 
original grant, contains the following principles, which, for 
their importance, we insert in the author's own words : 

" First, That the vessel in which the powers uf steam are 
to be employed to work the engine, which is called the 
cylinder in common fire engines, and which I call the 
steam vessel, must, during the whole time the engine is at 
work, be kept as hot as the steam that enters it ; first, by 
inclosiug it in a case of wood, or any other material that 
transmits heat slowly ; secondly, by surrounding it with 
steam or other heated bodies ; and, thirdly, by suffering 
neither water nor any other substance colder than steam, 
to enter or touch it during that time. 
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^' Secondly, In engines that are to be worked wholly or 
partly by condensation of steam, the steam is to be con- 
densed in vessels distinct from the steam vessels, although 
occasionally communicating with them. These vessels I 
call condensers; and while the engines are working, these 
condensers ought to be kept as cold as the air in the neigh- 
bourhood of the engines, by the application of water or 
other cold bodies. 

" Thirdly, Whatever air, or other elastic vapour, is not 
condensed by the cold of the condenser, and may impede 
the working of the engine, is to be drawn out of the steam 
vessels by means of pumps connected with the engine. 

** Fourthly, I intend in many cases to employ the expan- 
sive force of steam to press on the pistons, or whatever may 
be used instead of them, in the same manner as the pres- 
sure of the atmosphere is now employed in common fire 
engines. In cases where cold water cannot be had in 
plenty, the engines may be wrought by force of steam 
only, by discharging the steam into open air after it has 
done its office.** 

^ Fifthly, Where motions round an axis are required, I 
make the steam Vessels in the form of hollow rings, or cir- 
cular channels, with proper inlets and outlets for the steam, 
mounted on horizontal axles, like the wheels of water-mills. 
Within them are placed a number of valves, which suffer 
bodies to go round the channels in one direction only. In 
these steam vessels are placed weights so fitted to them as 
entirely to fill up a part or portion of their channels, yet 
rendered incapable of moving freely in them by the means 
hereinafter mentioned or specified. When the steam is ad- 
mitted into these engines, between the weights iEmd the 

* This should- not be understood to extend to any engine where the 
water to be raised enters the steam vessel itself, or any vessels haying an, 
open communication with it. 
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valves, it acts equally on both, so as to raise the weights to 
one side of the wheel, and by the reaction of the valves, 
successively to give a circular motion to the wheel, the > 
valves opening in the direction in which the weights are 
pressed, but not in the contrary one, as the steam vessel 
which moves round it is supplied with steam from the 
boiler, and that which has performed its offite may either 
be discharged by means of condensers, or into the open air. 

*^ Sixthly, I intend, in some cases, to apply a degree of 
cold, not capable of reducing the steam to water, but of 
contracting it considerably, so that the engines shall be 
worked by the alternate expansion and contraction of the 
steam. 

/' Lastly, Instead of using water to render the piston or 
other parts of the engines air and steam tight, I employ 
oils, wax, resinous bodies, fat of animals, quicksilver, and 
other metals^ in their fluid state/' 

J. Stewart, 1769. 

This engine produced a rotative motion by a chain going 
round a pulley, and also round two barrels furnished with 
ratchet-wheels, with a weight suspended to the free end of 
the chain, which thus served to continue the motiop of the 
apparatus during the return of the piston. 

M. WASHBORotoH, Bristol, 1778. 

This invention, like the preceding, was intended to com- 
municate a rotatory motion, without the intervention of a 
crank. It had a toothed sector on the end of the working 
beam, acting in a trundle, which, by means of two pinions, 
.with ratchet-wheels, produced a rotative motion in the 
same direction by both the ascending and descending 
stroke of the piston; and by shifting the ratchets, the 
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niotioii could be reversed at pleasure. In this engine Mr* 
Washborough employed a fly-wheel, which may not un- 
aptly be considered as a magazine of power in this, as in 
every other species of machinery. 

J. Steed, Lancashire, 1781. 

This specification was to secure to the patentee the ap- 
plication of a crank for producing continuous motion 
nearly similar to that now in use. 

J. HoRNBLOWER, Penryu, Cornwall, July, 31, 1781. 

The expansive principle of MK Watt is in this engine 
employed by means of two cylind^i's, by the use of which 
the force of the apparatus is more nearly equalized. As, 
however, this invention has been the basis of several im^ 
provements of the first magnitude in the introduction of 
double cylinder engines, we subjoin the specification in 
Mr. Hornblower's own words : 

^^ First, I use two vessels in which the steam is to act, 
and which in other steam engines are called cylinders. Se- 
condly, I employ the steam after it has acted in the first 
vessel to operate a second time in the other, by permitting 
it to expand itself, which I do by connecting the vessels 
together, and forming proper channels and apertures, 
whereby the steam shall occasionally go in and out of the 
said vessels. Thirdly, I condense the steam, by causing it 
to pass in contact with metallic substances, while water is 
applied to the opposite side. Fourthly, to discharge the 
eng^e of the water employed to condense the steam, I sus- 
pend a column of water in a tube or vessel constructed for 
that purpose, on the principles of the barometer, the upper 
end having open communication with the steam vessels, 
and the lower end being immersed in a vessel of water; 
Fifthly, to discharge the air which enters the steam vessels 



with the condensing' water or otherwise, I introduce it 
into a separate ves.sel, whence it ia protruded by the 
admission of eteam. Sixthly, that the condeni^ed vapour 
shall not remain in the steam vessel in which the steam ia 
condensed, 1 collect it into another vessel, which has open 
communication with the steam vessels, and the water in 
the mine, reservoir, or river. Lastly, in cases wliere the 
atmosphere is to be employed to act on the piston, I use 
a piston so constructed as to admit steam round its 
periphery, and in contact with the sides of the steam 
vessel, thereby to prevent the external air from passing 
in between the piston and the sides of the t^team vessel." 



J. Watt, Birmingham, March 12, 1782, 

This invention, which is for an improvement on Mr. 
Watt's prior patent, consists principally in an advantageous 
mode of stopping the admission of steam at a given point, 
so that a part of the working stroke is effected by the 
expansion of that portion of the elastic vapour which has 
already entered the cylinder. Several very ingenious 
contrivances are also described by Mr. Watt for equalizing 
the motion of the piston. The first of these is by a chain 
acting upon a spiral or fusee ; secondly, by levers acting 
unequally upon each other! and, thirdly, by a large 
weight attached to the working-beam at a considerable 
height above the centre of motion. In the last of these 
methods, when the piston begins its descent, the weight 
will oppose itself to the motion of the piston, until the 
descent of the latter have inclined the beam so much, that 
the centre of gravity of the weight is perpendicularly 
over the centre of motion of the beam: the weight will 
then have no effect on the engine ; but after it has passed 
this position, it must evidently tend to aid the effort of the 
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piston to draw up the load of water in the pumps, and 
render its motion equable. 

J. Watt, Birmingham, 1784. 

Rotative engine — Three parallel potions— Portable 
steam engine, and machinery for moving wheel carriages 
— Mode of working hammers and stampers— Improved 
hand-gear — ^Mode of opening valves. 

J. Watt, Birmingham, June 14, 1786. 

The object of the present invention is to facilitate the 
combustion of smoke by a more equable supply of oxygeii' 
and consists in causing the smoke, which is usually emit- 
ted on a supply of fresh fuel, to pass, together with a 
current of air, through the ignited mass that has already 
ceased to smoke, by which means it will be effectually 
consumed, and converted into heat or flame. This inven- 
tion is put in practice, first, by stopping up every avenue 
or passage to the chinmey, except such as are lefl in the 
interstices of that part of the fuel which iis ignited ; se- 
condly, by placing the fresh coal above, or nearer to the 
external air, than that which is burning, and already con- 
verted into coke or charcoal ; and, thirdly^ by constructing 
the fire-place in such manner, that the fresh atmospheric 
air which animates the fire, and the smoke which proceeds 
from the fresh fuel, must take a downward direction, so as 
to pass through the whole mass of burning fuel to the 
most remote part of the fire-place ; and by this nieans tUe 
whole of its hydrogen, azote, and carbonaceous matter is 
usefully employed. 

T. Burgess, June 9, 1789. 

In Mr. Burgess's apparatus, which was intended to 
produce a rotatory action, a heavy fly-wheel- was set in 
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motion by the alternate elevation and depression of the 
working-beam. This was effected by an elastic cord 
passing round a collar on its axis^ one end of which was 
connected with the working-beam, while the other sup- 
ported a weight. The moveable collar being furnished 
with a click acting in a ratchet-wheel firmly screwed to 
the fly-arbor. From this it will be seen that the elevation 
of the piston would give a proportionate impulse to the 
fly, which could not be impeded by its subsequent de- 
pression, the moveable ratchet-wheel allowing the fly to 
continue its rotative motion. 

Messrs. Bramah and Dickinson, Jan. 15, 1790. 
For an engine on a rotative principle. 

J. Sadler, Oxford, June 10, 1791. 

The above patent, which Mr. Sadler states in his speci- 
fication to have for its object, the reducing of the con- 
sumption of coals, and consequently the expense of 
generating steam, appears but little calculated to answer 
this or any other useful purpose. Mr. Sadler produced a 
rotatory motion by a hollow cylinder connected with a 
boiler, which was driven round by the emission of steam 
from two moveable arms turning upon the same axis. 

Francis Thompson, 1793. 

A double-acting^ engine, for turning machinery by a 
crank. This was eflfected by employing two cylinders, 
one inverted over the other ; both pistons being connected 
by one rod, which passed through the upper end of the 
inverted cylinder, where it was 'connected with the beam, 
and thus made a double stroke. 

R. Street, Christchurch, Surry, May 2, 1794. 
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J. Strong, Bingham, Nots« May 31, 1796. 

This patent was obtained for improvements in the pis- 
ton cylinders and Falves, none of which were ever gene- 
rally adopted. 

Valentine Close, Hanley, 1796. 
Saving fuel. 

J. Pepper, Newcastle, 1796. 
Saving fuel. 

F. Lloyd, Woolstanton, 1796. 
Furnaces. 

W. Batley, Manchester, June 28, 1796. 

E. Cartwright, Middlesex, Nov. 11. 1797. 

In this engine the condensation is performed by the 
application of cold to the external surface of the vessel 
containing the steam. This is effected by admitting the 
elastic vapour between two metal cylinders, lying one 
within the other, and having cold water flowing through 
the inner one, and surrounding the outer one. By these 
means a very thin body of steam is exposed to the greatest 
possible surface of cold' metal. By means of a valve in 
the piston, there is a constant communication at all times 
between the condenser and the cylinder, either above or 
below the piston, so that whether it ascend or descend, 
the condensation is always taking place. This mode of 
condensation also affords an opportunity of substituting 
alcohol in the place of water, for working the engine^ 
which could not be effected where the injection water 
mixes with the elastic vapour ; and by the employment of 
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ardent spirit, Mr. Cartwright calculates. that a saving of 
half the fuel usually employed might be expected. 

J. Grove, Chesham, 1797» 
Boiler and furnace. 

T. RowNTREE, Blackiriars, May 1, 1798. 

• 
J. HoRNBLOWER, Peuryu, Cornwall, June 8, 1798. 

The rotative engine described in this specification, 
though very ingenious in its construction, is much too 
complicated to be generally adopted. 

J. Dickson, Dockhead, July 14, 1798. . 

This engine, like the preceding, has never been em- 
ployed on a large scale, which may be principally attri- 
buted to the air-pump and quicksilver, which form an 
essential part of its construction. 

F. Rapozo, Lisbon, Aug. 29, 1798. 

G. F. QuEiROZ, Waltham Green, Middlesex, Sept. 1798. 

Mr. Queiroz's improvements consist in diminishing the 
friction, in communicating a circular motion, and in a 
considerable alteration in the form of the boiler, by divid- 
ing it into several compartments, by which a greater sur- 
face is exposed to the fire than by the ordinary method, 
and consequently more steam produced by a given quan- 
tity of fuel. 

W. Rayley, Newbald, York, 1798. 

^^ A Philosophical furnace and boiler, with an actuating 
wheel as an appendage.^ 

o 
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G. Bluitdbi^ LondoHy 1796L 
Bfachiae for saying fnel. 

J. Burks, Ghflgow, 179a 
Savii^ fiid — Fumace. 

Rev. T. Cooke, Ixmidoii^ 1796. 

^ Carbo fimgalist, or an effectual mode of applying fire to 
caldnmic im[^eiiients." 

J. Wilkinson, Roth^hitbe, July, 1799. 

The advantage derivable from Mr. Wilkinson's inven- 
tion, consists in a closer application of heat to the bottom 
of the steam boQer ; this he efiects by constructing it of 
considerable length, and without any flues round the 
exterior surface. Hie heat from the flues, passing uni- 
formly along the bottom, rises up at one end, and return- 
ing by flues passing through the water to the other, opens 
into the chimney which carries off the smoke. 

M. Murray, Leeds, July 16, 1799. 

With a view to save friel, Mr. Murray provides the top 
of the bofler with a simll cylinder and piston, connected 
with a rack, by means of which the steam within the 
boUer raises up or depresses a dampor in the chimney. 
He is thus enabled by the increase or decrease of the 
steam to keep up a due proportion between the elasticity 
of the vapour thus generated and the draught of the fire. 
Mr. Murray's second improvement consists in placing the 
ordinary steam cylinder and piston in a horizontal, instead 
of a vertical direction,^ and by this means a much longer 

* The principal objection to horizontal cylinders arises from llie oneqaal 
wear of the piston packing, though this has been in some measore ob- 
viated by the nse of friction wheels. 



stroke may be obtained tban in the usual way. He a[su 
causes the pistons, by their reciprocating motion, to pro- 
<luce a circular motion of equal power, and enables the 
engineer to fix the wheels necessary for producing motion 
alternately in perpendicular or horizontal directions. 

W. MuRDocK, Redruth, Cornwall, Aug. 29, 1799. 

Mr. Murdock describes his iniprovemenls under four 
heads, viz. First, a more eciiiaMe mode of boring the 
metallic cylinders and pumps by means of an endless 
screw worked by a toothed wheel. Secondly, by simpli^ 
fying the construction of the steam vessel and steam case 
in engines formed on Mr. Watt's principle, which he 
effects, by casting the steam case of one entire piece, to 
which the cover and bottom of the working cylinder are 
attached. He likewise casts the cylinder and steam case 
in one piece of considerable thickness, and bores a cylin- 
dric interstice bettveen the steam case and steam vessel, 
leaving the two cylinders attached at one end, and he 
closes the other by a ring of metal. 

Thirdly, he simplifies the construction of the steam- 
valves or regulators, in Mr. Watt's double engine, by 
connecting together the upper and lower valves, so as to 
work with one rod or spindle. The steam or tube which 
connects them being hollow, serves as an eduction pipe to 
the upper end of the cylinder, and a saving of two valves 
is effected. 

Fourthly, by the assistance of two toothed wheels work- 
ing in an air-tight vessel, a rotative engine of considerable 
power is produced, though from the great difficulty at- 
tached to the making it air-tight, and the waste of steam 
in condensation, the plan does not appear of much prac- 
Klical utility. 
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J. Bishop, Covent Garden, Sept. 23, ]799# 

This apparatus, which may be considered as a modifi- 
cation of Amonton's fire-wheel, consists of three parts: 
First, a wheel similar to an overshot water-wheel ; se- 
condly, a large close vessel or case, made of copper or 
iron, in which the wheel is fixed, and which is to work in 
a vertical direction ; and thirdly, an air or steam pipe and 
valve, which passes out at the top of the close vessel, 
through a small reservoir of cold water, for the purpose of 
condensation, if necessary. 

Motion is given to the wheel, and to any connecting 
machinery, by the power of ascending steam, in the fol- 
lowing manner: the close copper vessel m which the 
vertical wheel is fixed, is filled with water above the axle 
of the wheel. The application of fire at the bottom of the 
vessel will raise the steam ; and the steam in its ascent, by 
entering into and acting upon the bucket of the wheel, 
will give it a rotatory motion, producing a power of about 
nine pounds for every gallon of water employed. A con- 
trivance is also added for the production of a vacujim by 
the means of an air or steam pipe, by which a consider- 
able reduction in the expenditure of fuel is effected. 

R. Delai>, Banville, 1799. 
Economical boiler. 

Marquis de Chabannes, 1799. 
Improving fuel. 

A. G. EcKHARDT, London, 1799. 
Saving fuel. 

.P. Crowther, Newcastle-upon-Tyne, Feb. 28, 1800. 
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J. and J. Robertson, Binhinghamy Aug. 18, 1800. 

Messrs. Robertson's invention consists in preventing, in 
a great measure, the escape of steam which usually takes 
place even in engines of the best construction by the wear 
of the materials of which the piston is composed, and b;^ 
an apparatus exclusively the invention of the patentees^ 
the small portion of elastic fluid that finds a passage 
during the action of the cylinder is employed on another 
piston, thus augmenting the power of the engine. These 
desiderata are stated to be efl^ected by the use of two 
steam cylinders, one smaller than the other, with pistona 
fitted to each, and whose united action is described in the 
above specification. 

The patentees have also efi^ected a considerable saving 
of the fuel usually employed, by an improvement which 
evidently possesses very considerable advantages. 

The coal is admitted into the furnace by a hopper or 
mouth piece, so that it may fall into the fire place above 
the bars, as the fuel is expended. From the upper side 
of the hopper a stream of fresh air rushes downwards on 
the fire, and by the adoption of this plan a large portion 
of the smoke is converted into flame. 

P. Devey, London, 1800. 
Improved fiiel. 

E. Cartwright, St. Mary-le-bone, Feb. 5, 1 801. 

The engine here described was never, we believe, fairly 
tried, at least, judging from the simplicity of its parts, 
capability of control, and great portability, it is not too 
much to suppose, had its merits been better known, it 
would (with some modifications) have come into more 
general use. 



/^ 
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W. Hase,^ iSaxthorpe, Norfolk, May 14 1801. 

After leaving the cylinder in order to be condensed, 
die steam is in this apparatus conducted through a vessel 
containing a number of metal pipes filled with water 
from the condenser. This being surrounded by the steam, 
imbibes a portion of its caloric, while it facilitates, the 
process of condensation. The water thus heated is imme- 
diately conveyed to the boiler, which is preserved at the 
boiling point by a small addition of caloric. 

M. Murray, Leeds, August 4, 1801. 

This patent comprises six principal objects : First, by 
an improved air-pump, the gaseous matter is discharged 
from the cylinder without miy effort in opening of valves, 
or pressing through a body of water ; and it also causes 
the water and air to be discharged separately and by dif- 
ferent ways : this is eflTected by taking out the air alone by 
a bucket, and the water alone by another, or by an eduction 
pipe twenty-eight feet long. The second principle is an 
improved method of packing the cylinder's lid, stuffing- 
boxes, &c. by bringing the moveable parts of each in im- 
mediate contact ; this is effected by placing the necessary 
packing on the upper side of the cylinder, which lid pre- 
vents the piston rod receiving friction from any oblique 
pressure, by the lid being screwed down more upon one 
side than the other. 

The two next improvements relate to the construction and 

« 

circular motion of the valves, the uppermost two being in- 
verted 5 and the valve-rocjls are made to pass through the 
reservoirs of oil, or other fluid matter, which effectually 
prevents the air from insinuating itself into the engine. 

The next principle is a new method of connecting the 
pist6n-rod to the parallel motion ; and the last relates to 
the construction of fire places, by which the smoke arising 
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from the fire is coosumedy and made part of the fuel ; on 
this latter head, however, Messrs. Brunton, Parkes, and 
Losh, have made considerable improvements, so much so, 
indeed, as to supersede the application of this clause in 
Mr. Murray's patent. * 

J. Bramah, Pimlico, Nov. 28, 1801. 

In this engine Mr. Bramah employed a four-passaged 
cock for the emission of steam from the boiler, which in 
this case is made to enter into a hollow at the large end of 
the cone of the cock, and to pass away to the condenser by 
a passage at the smaller end of the cone of the cock. By 
this means the metallic fitting is always rendered perfect, 
the plug being pressed into its seat by the force of the 
steam, acting upon a surface equal to the small end of the 
cock, from which the pressure is relieved. Mr. Bramah, 
also, makes his four-way cock turn continually in the 
same direction, by which means the same effects are pro- 
duced as by turning it backwards and forwards, but the 
wear is rendered more equable. 

W. Symington, Kinnaird, Stirlingshire, Oct. 14, 1801. 

For a rotatory and other motions, without the interpo-^ 
sition of a lever or beam. 

R. Wilcox, Bristol, 1801. 
Engine and furnace. 

J. Anderson, Mounie, 1801. 
Saving fuel. 

• This patent was, we believe, set aside by a writ of *«rtf/fl«£M insti- 
tuted by his Majesty^s Attorney General, at the instance of Messrs. 
Boulton and Watt, who had previously practised some things contained 
in, Mr. marray's specification. 
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£arl of Stanhope, London, 1801. 
Saving fuel. 

G. Medhurst, London, 1801. 
Circular into rectilinear motion. 

G. Stratton, London, 1801. 
Saving fuel. 

J. Glazebrook, Colebrooke Dale, 1801. 
" Working machines by means of air." 

R. Young, Bath, 1801. 
Saving fuel. 

J. Sharper, Bath, Jan. 28, 1802. 

R. Trevithick and A. Vivian, Camborne, Cornwall, 

March, 24, 1802. 

The high-pressure engines of Messrs. Trevithick and Vi- 
vian, were expressly intended for the propelling of car- 
riages upon rail-roads. When employed for this purpose 
the boiler was composed of cast iron of a cylindrical form. 
This was mounted horizontally upon four wheels, the cy- 
linder of the engine being placed vertically in the end. 
Two connecting rods, descending from the cross bar of the 
piston, were then made to communicate motion to the 
wheels by means of a crank ; no fly-wheel being necessary, 
the momentum of the carriage carrying the cranks past 
the lines of the centre. 

M. Murray, Leeds, Yorkshire, June 28, 1802. 
This patent, which was for a portable engine, combining 
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Buiiie uf the most u>^ful of Messrs. BouUoii and Watt's 
^Ljnventioiis, was at their iustance repealed in the following 

f 

■ at 



T. Saint, Bristol, Dee. 21, lSfr2. 



The principle of this inrention may be thus described : 
at the bottom of the boiler an opening is made nearly as 
large as the flue; on this opening ia flxed a tube, through 
which a communication takes place between that part of 
the flre-place in which the flame rises or circulates, and 
the interior space of the boiler in which steam is produced 
for the supply of the engine. This aperture may remain 
open, but Mr. Saint recommends the application of a safety- 
valve so placed that do part of the heated air contained 
within the boiler shall be permitted to escape through the 
opening, but that the flame from the furnace may be ad- 
mitted OH often as a reduction in the elasticity of the com- 
pound steam will admit. 



M. BiLLiNOSLEY, Dec. 32, 1802. 





Vuirough the agency of an horizontal apparatus impelling 
the borer in a vertical direction, is upon many accounts 
inconvenient, the sand and borings occupying one side of 

— iJie cylinder, and wearing away the edges of the cutter. 

HSy the application of Mr. Billingsley's apparatus, this pro- 

^Mess is reversed by causuig the borer to revolve in an ho- 
rizontal direction, and thus allowing the sand &c. to fail 
freely to the lower opening in the cylinder. In this method, 
the finishing part of the cutter is euiployed upon a clean 
&ce of metal, and not being encumbered with the cuttings-, 
the borer goes completely through, without any attention 
being necessary. 



L 
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T. Parkikson^ London, 1802. 
Conveying fluids. 

B. HiGGiNs, London, 1802. 
Saving fuel. 

T. Martin, Brentwood, 1802. 

** Applying fire, by means of certain machinery, to 
heating water." 

Joseph Lewis, Brinscombe, 1802. 

Furnace. 

R. Wilcox, Bristol, 1802. 
Furnace — Boiler — ^Air-^ump. 

r. 

J. Leach, Merton Abbey, April 7, 1803. 

A. WooLF, Wood Street, Spafields, July 29, 1803. 

An account of the above patent for an improved mode 
of converting water or other fluids into steam, will be 
found prefixed to the description of Mr. Woolfs engine. 

B. DoNKiN, Dartford, August 3, 1803. 

A rotatory motion is here produced by the application 
of steam below the surface of a vessel of water^ containing 
a bucket-wheel, the elastic fluid acting upon each bucket 
in succession. These, when filled with and rendered buoy- 
ant by the steam, will ascend with considerable force, 
carrying with them any other moveable apparatus to which 
they may be attached. 

W. Freemantle, Hoxton, Nov. 17, 1803. 
The first improvement described by Mr« Freemantle in 
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this specification, consists in making ifie steam cylinder or 
cylinders in encli a manner that the diameter of the bore 
diall be about equal to the length of the stroke, by which 
means the friction will be considerably reduced. 

Another part of Mr. Freemantle's invention is an uni- 
versal circular valve, which, when the eng;ine is at work, 
vibrates on its axis forty-five degrees each way, and by its 
alternate oscillations admits the steam uniformly above and 
below the piston. When the steam is admitted into the 
top of the cylinder, the bottom communicates witli the 
condenser ; and vice versa. 

When the steam is only applied to the bottom of the 
piston, as in the atmospheric engine, two steam cylinders 
are to be employed instead of one, and by this means tbe 
force of the ene^inc is so nearly equalized as to act with a 
much smaller fly than is usually employed. In the latter 
case, however, the pistons of the cylinders are made to act 
on the two arms of a crank, placed at right angles to each 
other ; and the valve is not to vibrate but revolve on its 
axis, making one turn to each stroke of the engine. 

The parallel motion employed in Mr. Freemantle's en- 
;gfine is next described ; this he effects by the application 
Ufa compound lever. 

Another improvement is in the cold-water pump; this 
consists in placing an air-vessel so as to communicate with 
the ascending column of water immediately below the 
lower valve of the pump. Now it is evident, that before 
water can be raised into the barrel, a partial vacuum will 
be formed in the air-vessel, the amount of which wdl de- 
pend on the height of the vessel above the surface of the 
water in the well. In pumps of the ordinary construction 
it sometimes happens, that the velocity of tbe piston 
exceeds that of the water : hence a violent concussion is 
produced highly detrimental to the pump and connecting 
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apparatus; this is prerented by the adi^tion of Mr. Fr^e- 
mantle's improvement; for, instead of a vacuum being 
formed below the piston, air will be extracted from the 
air-vessel ; and, as the piston descends, the pressure of the 
air on- the surface of the water in the well not beuig 
counierbalancedy will continue to rise in the vessel till the 
equilibrium is restored; and when the piston ascends 
again, the barrel will not only be supplied by the pipe, 
but also by the air-vessel. 

E. Stephen, Dublin, 1803. 
Saving fuel. 

J. Edwards, 'Xondon, 1803. 
Saving fuel. 

R. WiLLCox, Bristol, April 30, 1804. 

The improvement for which this patent is taken out, 
consists in lessening the consumption of fuel by the appli- 
cation of vapour in a high state of elasticity ; and in 
addition to the chimney flue of a furnace, by which the 
descent of the smoke and heated matter to a lower level 
than that of the fire-place, is regulated and adjusted at 
pleasure. 

As the caloric which escapes by the chimney in various 
manufactories is very considerable, and, according to Mr. 
Willcox, more than sufficient to work an ordinary steam 
engine by condensation, he finds it most advisable to load 
the safety valve, and construct the engine of the requisite 
strength to bear an elastic action of from fifteen to one 
hundred and ,fifty pounds on the inch ; and in this manner 
the machine is worked by its elasticity only. By this ap- 
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plication of the steam, the patentee states that the power 

of a four-inch cylinder may be made to equal tliat of one 

twelve timee its diameter. 

Among the advantages derivable from the use of this 
»)gine, it is said that tbe constant heat nf the cylinder and 

Sie pipe that leads to it, which can never come in contact 
^trith the cold water, and the increasing heat of the water 
fin the cylinder, which soon acquires a high temperature, 
) and then continues its place, by its diminished specific 

gravity, must tend in the highest degree to prevent a wa'^te- 

ful condensation of steam. 

A. WooLF, Wood Street, Spafields, June, 7, 1804. 

This engine is in many respects similar to Mr. Horn- 
blower's, with the addition of employing steam of a high 
pressure, and in proportioning the capacities of the two 
cylinders to the increased expansibility of the elastic fluid, 
according to his table. Mr. Woolf, in his specification, 
states that he has ascertained by actual experiment that 
im acting with the expansive force of four pounds upon 
le square inch, against the safety valve, exposed also to 
weight of the atmosphere, is capable of expanding 
itself to four times the volume it then occupies, and would 
still be equal to the pressure of the atmosphere j so, in 
like manner, quantities of steam of six, seven, eight, &c, 
pounds tbe square inch, can expand themselves to six, 
seven, or eight times their volume, and still be equal to the 
atmosphere, or capable of producing a suthcient action 
against the piston of a steam engine, to produce the 
upward action in Newcomen's atmospheric engine. 

An engine constructed on Mr. Wooirs plan, must have 
two steam vessels of different dimensions, according to the 
temperature, or expansive force, to be commimicated to 
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the sleaftu Each steam vessel should be furnished with a 
piston, fitting air-tight, and the smaller cylinders should 
have a conmiunication both at top and bottom with the 
boiler which supplies the steam, capable of being opened 
Imd shut during the working of the engine. The top of 
the small cylinder having a conununication with the hot* 
tom of the larger cylinder, and the bottom of the smaller 
with the top of the larger, with proper means to open and 
shut these alternately by means of cocks and valves. A 
communication should also be formed by the same means 
between the larger cylinder and a condensing vessel, into 
which a jet of i^ater is admitted to render the condensation 
TiKNre complete. 

When the engine is at work, steam of high temperature 
is admitted from the boiler, to act by its elastic force on 
one side of the smaller piston, while the steam which had 
las|; moved it has a conununication with the larger steam 
vessel, now moving towards that end of its cylinder which 
i» open to the condensing vessel. 

If both pistons end their stroke at one time, and both 
are placed at the top of their respective cylinders, ready to 
descend, then the steam entering above the smaller piston 
will carry it downwards ; while the steam below it, instead 
of being allowed to escape into the atmosphere, will pass 
into the larger cylinder above its piston, which will take 
its downward stroke at the same time with the piston of 
the smaller cylinder. Both pistons having thus reached 
the bottom of their respective cylinders, the steam is to be 
shut off from the top and admitted to the bottom of the 
smaller cylinder, and the communication opened between 
the top of the smaller and the bottom of the larger cylin- 
der; the steam which, in the downward stroke of the 
engine, filled the larger cylinder, being now open to the 
condenser, and the communication between the bottom of 
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tW lai^r cylinder and the condenser shut off, and so 
alternately admitting^ the steain to the different sides of the 
smaller piston, while tlie steam last admitted into the 
smaller cylinder passes alternately to the different sides of 
the larger piston, the top and bottom of which are made to 
conunuoicate alternately with the condenser. 



J. Rider, Belfast, March 26, 1805. 

The improvements described in this specification consist, 
first, in lining the steam cylinder with a sofl metal, similar 
to pewter, of a snfiicieot thickness to admit of finishing its 
inner surface by draw-boring, &c. ; secondly, in applying 
a hollow piston-rod, answering the purpose of an eduction- 
pipe ; and thirdly, iti the order of opening and shutting the 
valves. The last and most important part, however, of 
Mr. Rider's invention requires a more particular descrip- 
tion. Upon an horizontal arbor, which may be denomi- 
nated the main arbor, are placed three wheels, a drum or 
barrel, and a pinion : one of these wheels, that is to say the 
main wheel, is fitted by means of a socket upon the main 
arbor, so as to revolve upon its axis, and has teeth both 
upon the exterior and interior periphery of its rim. Within 
the circle of the interior teeth of this wheel a pinion is fixed 
to the arbor, its diameter being one-third of the interior 
diameter of the main wheel. The moveable barrel turns 
freely upon the main arbor, and it carries a cord, with a 
weiglit hanging at its end similar to a clock-weight. Be- 
sides this the ends of the barrel are pierced with two 
orifices, each at about half the exterior radius of the main 
wheel from the arbor ;■ these apertures serving as pivot- 
holes, wherein an arbor turns, carrying a wheel, of which 
the diameter and number of teeth are equal to those of the 
pinion: the latter wheel maybe called the barrel pinion; 
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its teeth work in the teeth of the pinion, and also in the 
inteidor teeth of the main wheel. By these means die 
barrel may be turned round upon the main arbor, while 
the arbor itself is turned by the pinion. The exterior 
teeth of the main wheel turn the pinion of a scapement 
wheel and pallets. Near one end of the main arbor there 
is a ratchet wheel and click ; and near the other end a 
wheel, which is acted upon by an endless screw upon an 
horizontal shaft, worked by the usual motion of the engine. 
This arrangement serves to regulate the rate of the 
engine's motion ; for the turning of the worm wheel, last 
described, causes the weight to be raised which hangs to 
the cord winding upon the barrel; and this weight is 
conneeted to one end of a lever, the other end of which is 
attached to the steam valve, so that its elevation .depends 
upon the height to which the weight is raised. The 
aperture of this valve is formed like an inverted cone ; 
and while this valve shuts and opens twice at every stroke, 
the lever does not prevent such opening and shutting, but 
merely limits the extent of the opening by the action of a 
rod connected with it ; so that when the weight is highest, 
the valve is least opened^ and vice versa. Little power is 
lost by these means, and the speed of the engine can be 
accurately regulated by adjusting the length of the pen- 
dulum to the arrangement of teeth in the wheels and 
pinions. 

J. Barnet^ Saffron Waldon, 1804. 
Saving fuel. 

J. HoRNBLOWER, Peuryn, March 26, 1805. 

This steam wheel, which differs considerably from Mr. 
Hornblower's prior patent for a rotatory motion, consists 



of three principal parts ; The external circular case, 
which is shaped like a globe, from which about forty 
degrees are cut off at each pole; secondly, a partition 
which divides the case into two parts transversely in the 
plane of its axis; and thirdly, the moveable or circulating 
parts which are analo]o;ouK to the piston in the common 
Bteam ens^ine. To form au idea of these last, we must 
conceive an hollow nave attached to an horizontal axle, 
which nave is pierced with two pair of circnlar lioles on 
its cylindrical surface, each pair correspond ing at opposite 
sides to each other; through these holes pass radii, move- 
able round their Own axis for one half a circuit, to which 
are attached flat quadrants, placed so that the planes of 
those at opposite sides of the nave should be at right angles 
to each other. By this arrangement, when one of them is 
placed so that its plane shall be at right angles to the axis of 
the nave, tht plane of the other will coincide with thai of the 
axis. In the partition which forms the second principal 
part of the engine, are two cavities at opposite sides of the 
centre, one of which corresponds exactly to the shape of 
the greatest surface of the quadrant ; the other is much 
smaller, and only admits the quadrant edgeways; these 
cavities are continued in a sort of case of the same shapo 
for one-fourth of the circle on each side, by which means 
there are always two of the quadrants, or the greatest 
part of them, working in each cavity at the same time. 
The quadrants are made hollow so as to admit of their 
being stuffed at their edges, as is also the recess in which 
they circulate. 

From this it will be seen that the external circular case 
is divided by the partition and the quadrantular pistons 
into two separate chambers, each steam tight; into one of 
these chambers a pipe is conveyed from the boiler, and 
from the other chamber another pipe cnmmunicales with 
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the condenMfr; now as the quadrant whicb 
tlie greater cavity of the* pttrtitmi opfNises a much 
greater surface ta Ae pressure of the steam than that 
which liev edgeways in the smaller cavity, it will be 
finfced forward towards the cold chamber, in which, when 
it is arrived, it meets a sloping block so shaped, that in 
passing it, it is turned round one quarter, or so as to beat 
ri^t angles to its former position, and dras enters the 
sttnaller cavities edgeways, while by the same movement 
the opposite quadrmt is turned flat across the entrance of 
the larger cavity of the partition, and on entering it is 
impelled in its turn by the steam, as before described* 
The axis, or arbor, on which the nave is fixed, which 
sustains the quadrants, passes through the outer case in an 
horizontal direction, and to its extremities are to be fixed 
those wheels which are to give motion to the machinery 
required to be worked by the steam-wheel. The outer 
case is fixed in a vertical position, and has a flat plate 
cast at the part intended to be lowest, by which it may be 
bolted to the floor of the building in which it is erected. 
It is formed so as to separate into three horizontal sections, 
the middle one of which is for the purpose of admitting 
and properly fastening the partition with its stuffing 
boxes ; the upper section serves as a lid, and all are se- 
<;ured to each other by flanches and screws. 

W. Earle, Liverpool, March 26, 1805. 

J. C. Stevens, May 31, 1805. 

This patent is for a high-pressure boiler, resembling 
Mr. Wooirs ; it may be thus described. Suppose a plate 
of brass, of one foot square, in which a number of holes 
kre periforated, into each of which is fixed one end of a 
copper tube, air inch in diameter, and two feet long, and 



tlie (Jliier end of the tube inserted in like manner itito a 
siniilar piece of brass : these are to be enclosed at eacli 
end of tlie pipes by a strong cap of metal so as to leave a 
small space between the plate and cap. The necessary 
supply of water is then to be injected by means of a 
forcing pump communicating with one of the caps, 
while the steam is conveyed from the other to the re- 
quired pouit. 

A. Brodie, May 31, 1805. 
The cast-iroii boiler invented by Mr. Brodie, may be 
constructed of any dimensions, and the iron plates of 
which it is composed are made with flanches of the re- 
quired size, and put tog-ether with rivets and screws. To 
prevent the boiler giving way by the force of vapour 
within, it is strengthened by wrougbt-iron stays, and 
the vessel thus made is supported by iron legs, so that tlie 
fire is allowed to communicate with the whole of its 
lower area without being connected with the brick work 
with which it is usually surrounded. 

I 

IQ James Boaz, Glasgow, July 2, 1805. 

This patent is for an improvement on Savery's engine, 
which Mr. Boaz effects by separating the steam from the 
water to be raised. For this purpose he employs a float- 
ing piston upon Papin's plan, and such an arrangement 
of the forcing pipes that the repellent force of the steam is 

y^lways acting upon the same body of water. 

A. WooLp, Spafields, July 2, IR05. 

To prevent the danger attendant on the use of Mr. 

Woolfs. high-pressure engine, he in thi» patent recom- 

p2 
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ttends the use of oil, or the fat of animals placed in the 
receptacle, which in his former patent contained steam of 
great elasticity. The vessel employed to contain these 
fluids forms a complete case or envelope to the working 
eylinder, so that the whole is maintained at one uniform 
temperature, which is to be kept up by a fire under or 
round the receptacle. By this arrangement, the necessity 
of employing steam of a great expansive force is obviated, 
and steam of a comparatively low temperature will pro- 
duce all the effects that can be obtained from steam of a 
high temperature, without any of the risk with which the 
production of the latter is accompanied. He also pro- 
poses a method of preventing the passage of any of the 
steam from that side of the piston which is acted upon by 
the steam, to the other side which is open to the condenser. 
In the double-action steam"" engines he effects this by 
employing, upon or about the piston^ a' column of mer- 
cury of air altitude equal to the pressure of the steam. la 
working the single engine, a less considerable altitude of 
metal is required, because the steam always acts on the 
upper side of the piston ; and in this case oil, or the fat of 
animals, will answer the purpose sufficiently well, and at 
much less cost. 

W. Deverell, Blackwall, Aug. 2, 1806. 

This specification describes an improved construction 
of the fire-place, an improvement in the cold water pump, 
and a saving in the method of applying the steam. The 
principal of these is that of connecting the steam boiler 
with three iron cylinders, filled with water instead of 
placing it on brick work. In describing the peculiar 
advantages resulting from this part of the invention, Mr. 
Deverell says, '^ In the present mode of setting boilers. 
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the brick work underneath them ia attended with trequeiit 
repairs, owing; to the action of the fire upon them ; nur is 
this expense the only inconvenience: the whole concern 
is, for the time that they are repairing, completely stop- 
ped." These inconyeniences Mr. Deverell proposes to 
remedy by the adoption of metallic supports for the 

As a more economical mode of applying the steam, Mr. 
Deverell, like Mr. Woolf, proposes to have two working 
cylinders, placed near to one another, each having a pipe 
of communication with a large vessel, in which the steam, 
after passing from the small cylinder, is suffered to expand 
itself before entering the lai^e cylinder. The pistons in 
the two cylinders work alternately up and down by means 
of valves or cocks, opening and shutting as in the common 
engine. Suppose the small piston has made a stroke, and 
a passage is opened to the steam vessel at the end of the 
stroke; at first beginning to work the engine the vessel 
will be fill 1 of steam of about eighteen pounds pressure, 
admitted from the boiler, but aftenvards will only be sup- 
plied by the steam thrown in from the small cylinder. If 
the steam in the boiler be of forty-four pounds pressure 
per square inch, the ratio of the two working cylinders 
may be as one to three, for then the smaller one will 
supply the larger with steam of about eighteen pounds 
pressure. 

Mr. D. states that the improvements thus effected con- 
sist in a saving of the pressure of the atmosphere, and in 
the steam which would otherwise be discharged and use- 
less going from the smaller working cylinder to the steam 
vessel, and from thence to the larger working cylinder, 
from which it is afterwards drawn off and condensed. 
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S. Miller, Gresse Street, St Pancras, Oct. 30, 1806. 

J. Trotter, Soho Square, Nov. 14, 1805. 

A. Flint, Northampton Street, Nov. 16, 1805. 

This engine, which may be used either as an hydraulic 
machine, and impelled by a continuous stream of water, or 
as a rotative steam-engine, consists of two hollow cylinders, 
one of which is so much smaller than the other that it may 
lie within it. They are both to be turned true, and placed 
concentrically: they are also furnished with flat steam- 
tight tops and bottoms, either cast with them, or fastened 
by screws. The inner cylinder has a partition in its middle 
parallel to its top. It revolves within the outer cylinder, 
and has a pipe passing through the centre of its top and 
that of the outer cylinder, from its upper division, in the 
latter of which tops it is made steam-tight by stuffing 
boxes. This pipe communicates with another, that passes 
to the boiler, having the parts in contact with it also made 
steam-tight so as to admit of its circular motion. Another 
pipe, in a similar manner, passes from the lower division 
of the inner cylinder dirough the bottom of the outer cy- 
linder, to form a connection with the condenser. 

From the side, of the inner cylinder projects a piece 
similar to a piston, which Alls the section of the cavity in 
the line of the radius, between the two cylinders : this 
rectangular piston is so contrived, that it may be stuflfed 
round the edges and be made steam-tight. 

The outer cylinder has two semi-cylindrical cavities cast 
in its sides opposite to each other, with their open parts 
turned inwards ; each of which is of sufficient size to admit 
within it a portion of a smaller cylinder, which is placed up- 
right betw€;en the two large cylinders. In these spaces 
are placed valves, which retire alternately into the lateral 
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cavities of the outer cj' Under to admit the pi^itoii to pass by 
tbem. These valves consist each of the segment of a cy- 
linder of the height of the inner cylinder, connected with 
a circular top and bottom, fuming on centres ; and an axle 
from each passes tbrougli ihe top of the outer cylinder, 
through steam-tiglit joints, by which it may be turned 
round from without. 

At one side of the piston a perforation is made into the 
upper cavity of the inner cylinder to admit the steaiu; and 
at the other etde of the piston a similar perforation is made 
into the lower cavity of the inner cylinder to form a com- 
munication with the condenser. An arm also projects from 
the revolving steam-pipe, wliicb as it moves round strikes 
against other arms projecting from the axles of the valves, 
and opens them in succession, while connecting rods pass- 
ing between the anas of the valves and other arms, are so 
arranged as to close one valve when the other is opened. 
The steam being now admitted will pass on from the 
steam-pipe through the upper cavity in the inner cylinder, 
to the space intercepted between the two large cylinders, 
the shut valve, and ihe piston, and will impel the pist4)b 
round till it has passed the open valve ; after which the 
revolving arm before mentioned closes the open valve, and 
opens the shut valve, which operation is successively re- 
peated. In the mean time the confined steam enclosed in 
the space first mentioned, escapes at the opening of the 
valve into the lower cavity of the inner cylinder, and from 
thence to the condenser, and thus maintains that inequality 
of pressure at the opposite sides of the piston which causes 
it to revolve. 



C. Cob, London, 1805. 
Application of heat. 
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J. J^^NAUoHTONy London, 1S05. 

Saving fuel. ' 

R. DoDD, London, 1805/ 
Saving taeh 

R, WiLLcox, Lambeth, May 21, 1806. 
Mr. Willcox's improved steam engine consists of an 
outer fixed cylinder, and an inner revolving one, each 
furnished with pallets or cocks, which in passing each 
other are moved so as to recede from each other's way ; 
but in other parts of the circle they project so as to tra« 
verse the space between the two cylinders, and form steam- 
tight partitions, one of which being fixed, and the other 
moveable, the steam forces the latter round, and with it 
the moveable cylinder, the axis of which gives motion to 
the machinery for which the engine is erected. On one 
side of the fixed pallet is a valve, which by a pipe com* 
municates with the boiler, and on the other side is placed 
a second valve i^hich leads to the condenser. The ends 
of the cylinders are made steam-tight by rings which press 
the packing against them ; and the edges of the pallets 
are made steam-tight t>y the intervention of a hempen 
cloth. That part of the surface of the cock which ccnnes 
in contact with the revolving cylinder, has a groove cut 
down it, into which a piece of metal is fitted, that is pressed 
against the cylinder by screws, so as to come in close 
contact with the revolving cylinder. In, cases where this 
engine is employed to raise or give motion to any fluid in- 
troduced within its interior chamber, the effects produced 
will be similar to those of a lifting or forcing pump, and it 
is likewise applicable to all engines which operate by 
giving motion to fluids. 

R. DoDD, Change Alley, London, June 6, 1806. 
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W. Nicholson, Soho Square, Nov. 22, 180G. 
Tlie method in which Bteam is directed to be applied in 
the specification of this [mtent, is similar to that in which 
water acts in the ancient instrument called the water-blast, 
and in the same manner will impel forward air, or any other 
gBseous substance, in contact with the perforations of the 
tube throngh which it passes. The apparatus suggested by 
Mr. Nicholson consists of a boiler, from the top of which a 
horizontal tube passes in a direction perpendicularly over 
the centre of an air receptacle, when it bends dowi.ivards 
for a small distance, that the current of steam proceeding 
from it, may enter a vertical pipe beneath it, the lower end 
itf which passes a little way underneath the water, with 
which the air receptacle Is about half filled. The use of 
the water in the air receptacle is by condensing the steam 
to separate it from the air, so that tlie latter may pass on 
free from any aqueous mixture. A way is described of 
applying this operation of steam, in forcing air forward, to 
aid the water-blast, in which the water is made to pass 
through the side apertures of the descending pipe from an 
external vessel, while the air pressed forward by the steam, 
passes down a pipe which enters a small way into the 
tipper part of the same descending pipe. 

W. Lester, London, 1S06. 

" A Rotatory engine." 

T. Bourne, W. Chambers, and C. Gould, 

Warwick, 1806. 

This is a very ingenious apparatus for roasting meat by 

the agency of steam, nearly similar to the engine contrived 

by Col. Congreve. 

J. Lamb, New York, 1806. 
Application of heat. 
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J. SoBiNS, Liverpool, 1^06. 
Furnace. 

N. 

J 

S. M1LLER9 London, 1806* 
Saying fuel. 

H. Mauixslay, Margaret Street, Cavendish Square, 

June 13, 1807. 

These improvcfmeuts, as will be seen by reference to the 
plate and description, consist in reducing the number of 
parts in the conunon steam engine, and so arranging and 
connecting them as to render it more compact and portable. 
This is effected by employing metallic frames, beams, &c. 
instead of wood, brick-work, and other materials previously 
applied to that purpose. 

Ak Pollock, Glasgow, 1807. 
Saving fuel. 

R. DopD, London, 1807. 
Economy of heat. 

J. Bradley, London, 1807. 
New arrangement of fui-nace bars. 

a 

T. Preston, Tooley Street, Borough, Jan. 26, 1808. 
A new method of setting boilers. 

T. Smith, Bilston, Staffordshire, June 3, 1808. 
T. Price, Bilston, Aug. 24, 1808. 



T. Mead, Yorkshire, Aug. 24, 1808. 
This patent is for a rotative engine, and the inventor 
employs two moveable pistons which alternately revolve 
round their axes or centres. To effect this, two circular 
plates or shells of metal are made similar in their construc- 
tion, each of which has a flanch and a semi-circular cavity 
formed for the reception of the pistons. A hollow part is 
also formed round the centre of each for a small circula^ 
plate to turn in; and near the edge of this recess a small 
groove is made containing the requisite packing, &c. 
On the outside of each of the metallic shells there is 
a hollow pipe or boss for the reception of two spindles 
that pass through them. Two holes arc also made through 
one of the plates for the insertion of pipes, one for the 
purpose of conveying steam into the shells, and the other 
for conducting it from them into a condenser. One of the 
shafts or spindles is made hollow, to permit the other to 
pass through it. To the lower part of each of these shafts 
a piston is fixed; and each has also attached to its upper 
part an arm with a friction- wheel near its outer extremity. 
When the pistons are put in motion the friction- wheels 
work in, and communicate motion to the fly, and other 
apparatus to be impelled. 

J. LiNNAKBR, Portsmouth, 180R. 

Steam boat. , 

J. CowDEN, and J. Partridge, London, IH08. 
Saving fuel. 



J. P. Fesenheyer, St. Clement Danes, June 15, 1809. 
E. Lane, Sheiton, Staffordshire, Aug. 9, 1W)9. 
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W. C. ENoiiisH, TVickenbam, Notr. 28, 1809. 

W. Noble, Battersea, Dec. 14, 1809. 

S. Clegg, Manchester, July, 26, 1809. 

For a rotative engine, the piston of which makes a com- 
plete revolution in a channel at a distance from the centre 
of motion. Although this apparatus is exempt from some 
portion of the friction inherent in engines on the rotative 
construction, it still remains more considerable than Mr. 
Clegg seems to suppose. The difficulty also of making 
such an extent of surface air tight, and the liability of 
some of its parts to derangement, appear g^eat drawbacks 
upon its utility. 

I 

J. Grellier, Aldborough-Hatch, 1809. 

Saving fuel. 

J. Murray and A. Anderson, Edinburgh, 1809. 

Application of heat. 

J. F. Archbold, London, 1809. 
Application of heat. 

W. Johnson, Blackheath, 180p. 
Heating fluids. 

N. Booker, Limekiln Hill, Dublin, 1809. 

Saving fuel. 

R. ScANTLEBURY, Redruth, 1809. 
Certain improvements. 



, kWiTTY, Klng«ton-upon-Hun, Feb. 12, 1810, 

This invention consists in making;, arranging-, and com- 
bining the reciprocatiug rectilinear motion with tlie rota- 
tive in such a manner that the xteam-cylinders, wiih 
pistons moTing in them in a rectilineal direction, do at the 
same time turn upon a horizontal axle or shaft. To efiect 
this the patent*^ employs four cylinders fixed at right 
angles to each other on a hollow nave or axle, by means 
of screw-bolts ; and the pistons working in these cylinders 
are made tight at their extreme ends by the usual pack- 
ing. These pistons, which are finiily connected together 
in pair»i, by reciprocating rods, must be made of such a 
weight, that a vacuum in one of the cylinders may easily 
raise them both together in a perpendicular direction. An 
axle which is fixed horizontally is ground air-tight into 
the hollow nave, like the key of a cock, with two ducts or 
tubes in it ; one of these tubes is placed at the upper side 
of the axle, and is connected with the steam pipe; the 
other is fixed on the opposite side, and joined to the pipe 
that leads to the condenser. Each cylinder is made to 
communicate through the hollow shaft where the two 
ducts in the fixed axle (which resemble two water ways 
in a cock) correspond witli each other, and at each half 
revolution the holes in the bottom of the cylinders open 
alternately info these two duels. The hollow shaft must 
be made of sufficient length on each side of the wheel to 
admit of being supported in brass pivot holes. The cylin- 
ders and pistons being thus arranged, and one paii- of 
them being nearly in a vertical position, if the steam be 
admitted into the upper cylinder by the proper duct, its 
expansive force will raise this pair of pistons, and thus 
ilestroy the equilibrium of the wheel, producing a rotatory 
motion. In revolving, each of the cylinders will be filled 
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with steam from the upper duct, and discharged when 
they descend to the lower one. Thus after the cylinder 
has cleared itself of air at the commencement of its opei^a^- 
tion, the lower cylinder will be under a vacuum, while 
the upper, one connected with it, will be receiving steam 
from the boiler. Hence the pistons will evidently be con- 
stantly receding from the centre on one side of the wheel, 
and approaching the centre on the other, thus producing 
a continuous motion. 

A. WooLF, Lambeth, June 9, 1810. 

The working cylinder for this engine has no bottom, 
but is enclosed in another cylinder of such dimensions, 
that the space between the two is equal, at least, to the 
contents of the working cylinder, the lower rim of which 
is about the same distance from the bottom of the enclos- 
ing cylinder, as the sides of the two cylinders are apart. 

Into the enclosing cylinder such a quantity of oil or &t 
is put, as shall, when the piston is at its greatest height in 
the working cylinder, fill all the space beneath it, and 
also fill the enclosing vessel to the height of a few inches 
above the lower rim of the working cylinder. A small 
quantity of oil is also poured in above the piston. If 
the engine is to be open to the atmosphere, the enclosing 
vessel has a communication with the boiler above, which, 
when opened, causes the oil or fat to ascend beneath the 
pistcm as it rises ; and when the passage to the boiler is 
closed, and that to the condenser opened, the pressure ot 
the atmosphere forces the oil back again into the enclos- 
ing vessel. In a closed or double engine, the communi- 
cations from the boiler and condenser are to be to the top 
of the working cylinder, and to the bottom of the enclos- 
ing vessel. In the event of evaporation, means are to be 
provided by cocks, or valves, and a spring pump, to keep 



223 

the oil at^a due height oyer the piston. By thus interpos- 
ing oil between the piston and steam,, both above and 
beneath, a considerable saving of steam, and consequently 
of fuel, is effected. 

D. Cock, LondoB, 1810. 

Heating fluids. , 

W. DocKSEY, Bristol, 1810. 
Application of heat. 

W. Clerk, Edinburgh, 1810. 
Regulation of heat. 

W. Chapmanj Newcastle, 1810. 
Steam Wheel. 

J. Justice, Dundee, 1810. 
Application of heat. 

S. Adam, Connecticut, 1810. 
Certain improvements. 

J. Craigie, Quebec, 1810. 
Saving fuel. 

R. Witty, Kingston-upon-Hull, Oct. 90, 1811. 

This specification describes several improvements on . a 
prior patent obtained by Mr. Witty. They consist prind- 
pally in making the piston draw or force round the ma*, 
chinery to be worked by it, whilst itself moves both in a 
rectilinear and rotatory direction in a cylinder, or steam- 
vessel, which also revolves upon an axis. 

To admit the action of the steam, and of the condenser. 
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in the reTolving cylinder, its axis is bored lengthways in 
two places, so as to form two passages, each of which com- 
nranicates by lateral pipes with the end of the cylinder 
opposite to the side of the axis in which it lies ; the ex- 
X tremity of this perforated axis is formed of a conical shape, 
and turns in a box made to fit it, in the same manner that 
the reyolving part of a conunon cock turns in its barrel. 
From the upper part of this box a pipe passes to the 
steam-boiler, and from the lower part another pipe pro- 
ceeds to the condenser, and lateral apertures are made 
through the sides of the axle to the two passages within it, 
which, as the axle turns, alternately communicate with 
the steam-pipe and the pipe of the condenser in the box 
in the same manner as a two-way cock is made to act* 

Several principles are mentioned by the patentee, on 
which the cylinder prepared as above, can force itself 
round ; which are all of the nature of crank or cardioid 
motions. The first of these principles stated by the pa- 
tentee eflfects a rotatory movement by the action of a 
moving groove on a fixed centre ; which groove is placed 
at right angles to the cylinder, in a frame that is connected 
with piston-rods proceeding from the opposite ends of the 
cylinder, and of course partakes of their alternating mo- 
tion. Another principle consists in the operation of the 
ends of piston-rods, proceeding from the opposite extre- 
mities of the cylinder; on the outside of the rim of a large 
wheel, whose centre is placed at the distance of about half 
the stroke of the piston from the axis of the cylinder. The 
rim of the wheel projects so as to extend to the line of the 
piston rods, which are bent round to support friction wheels 
outside it, that alternately cmne in contact with steps on the 
rim, and by them force round the wheel, by a motion 
similar to that which levers would cause, when made to 
press alternately on the outside of a heart-wheel. 
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G. Broderip, Great Poland Street, Nor, 2, 1811. 

J. MiERSy London, 1811. 
Saving fuel. 

M. Loo AN, Rotherhithe, 1811* 
" Greneration of heat.'* 

W* Good, London, 1811. 
Valves. 

J. Trotter, London, 1811. 
Improvements in the application of steam. 

G. Gilpin, Sheffield, Igll. 
Application of steam. 

H. James, Birmingham, 1811. 
Steam boat. 

T. Deakin, London, 1811. 
Saving fuel. 

R. W. £|ox and J. Lean, Budock, near Falmouth, Dec. 10, 

1812. 

The two principles on which the patentees profess to 
have founded their improvements upon furnaces, are. 
First, that an artificial blast will produce an equal quan- 
tity of heat with one-fourth less fuel than the usual open 
draught; and. Secondly, that the tseparation of that part 
of the boiler, which is immediately over the fire, will 
permit steam of a higher temperature to be collected, 
which might be advantageously applied in its passage to a 
lower temperature. In this construction the air for the 

Q 
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consumption 0(ihe fuel is not permitted to enter the lower 
parts of the fire-place in the usual way, but is injected or 
forced through openings by machinery attached to the 
rteamengme. 

W. Chapman, Merton House, Durham, Dec. 13, 1812. 

In this patent a moveable chain is employed to impel 
carriages upon a plain road instead of the crank usually 
applied to the carriage wheel. Mr. Chapman also employs 
an additional number of wheels for the support of the car- 
riage, by which means a considerable saving in the cost of 
the rail-way is effected. 

J. Sutherland, Liverpool, 1812. 
Boiler and evaporating vessel's. 

H. OsBORN, Bordesley, 1812. 
Manufacture of cylinders. 

H. HiGGiNsoN, London, 1812. 
Steam boat. 

J. Steele, Liverpool, 1812. 
Application of heat. 

W. Onions, Paulton, 1812. 
Steam wheel. 

W. Brunton, Butterley, Derbyshire, May 22, 1813. 

The pedestrian apparatus or walking machine described 
by Mr. Brunton, is constructed to obviate the necessity of 
employing an iron rail or carriage way. This he attempts 
to effect by the use of nietal legs occasionally raised and 
depressed by the power of a steanx engine similar to the 
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motion of the liuman friane, when in.the act ofwalking*. 
That this however is not considered sufficient, even by the 
patentee, we have abundant proof, and the specification 
contains a description of various modes of connecting the 
machine with an indented rail, &c, any of which are in the 
full as expensive as the common toothed wheel and track 
road employed by Mn Blenkinsop. 

R. DuNKiN, Penzance, Jan. 30, 1813. 

For lessening the consumption of steam and fuel. 

« 

R. Witty, Kingston-upon-HulI, June 5, 1813. 

JF. Barton, Tufton Street, Westminster, Nov. 1, 1813. 

J. Sutherland, Liverpool, 1813. 

Furnace. 

C. Broderip, London, 1813. 
Boiler. 

J. White, Leeds, Dec. 14, 1814. 

W. A. Noble, Riley Street, Chelsea, March 28, 1814. 

Jr U. Rastrick, Bridgnorth, Salop, April 1, 1814. 

T. TiNDALL, York, June 18, 1814. 

For improvements in the application of steam to the 
propelling of carriages. 

R. W. KiNO^ London, 1814. 

Boiling water. 
q2 



/ 



J. Slatbr, Binniii^iftiaiii, 1811. 
Boiler. 

R. DoDD and G. Stephenson, Killingworth, Northumber- 
land, Feb. 28, 1815. 

For improTements in the construction of locomotive 
engines. 

W. LosH, Northumberland, April 8, 1815. 

The first object to be attained by the adoption of this 
patent is a considerable saving in the consumption of fuel 
employed in heating the boiler. This the patentee 
proposes to efiect by employing two furnaces^ and 
thus preventing the usual current of cold undecomposed 
atmospheric air from passing along with the heated gase- 
ous matter. When the atmospheric air in this undecom- 
posed state comes in contact with iron, and some other 
metals at a high degree of heat, it has the efiect of oxidat- 
ing their surfaces, both by its own decomposition, and by 
that of the water which it always carries with it; and 
those oxidated surfaces separate in successive coats of 
scales, till by degrees, the metal is entirely corroded away : 
so that by the adoption of Mr. Losh's plan, a considerable 
saving in the expense of repairs and loss of time in re- 
placing the boiler is efiTected. 

M. BiLLiNGSLEY, Bradford, Yorkshire, April 20, 1815. 

R. Trevithick, Cambrone, Cornwall, June 6, 1815. 

In addition to the packing usually employed in the 
high-pressure engine, Mr. Trevithick introduces a column 
or ring of water, ^hich running round the piston renders 
the whole air-tight. By this means he avoids a g^eat pro- 
portion of the usual friction, a very moderate degree of 
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tigl^tness in the packing being in^ practice found sufficient 
to preyent the passage of so dense a fluid as water. The 
second part of this invention consists in causing steam of a 
high temperature to spout out against the atmosphere, and 
by its recoiling force to produce motion in a direction con- 
trary to the issuing stream, similar to the motion produced 
in a rocket-wheel, or to the recoil of a gun, by which 
means a rotative action is produced. Mr. Trevithick also 
describes three other impi*ovements on the high-pressure 
engine, the latter of which, though only applied to nauti- 
cal purposes, is by far the most important. It consists in 
employing a spiral worm or screw similar to the vanes of 
a smoke-jack, which being made to revolve at the head of 
stern of the vessel, produces the required motion. 

H. HouLswoRTH, Glasgow, 1815. 
Discharging condensed water. 

W. Moult, London, 1815. 
Furnace. ' 

J. Cutler, London, 1815. 
Supplying fuel. 

v. 

W. and M. Beaver, Glamorgan, 1815. 

Furnace. 

Marquis De Chabannes, 1815. 
Saving fuel. 

J. T. Dawes, Broniwich, StaflFord, Feb. 6, 1816. 

The parallel motion usually employed is in this engine 
rendered unnecessary by the immediate application of the 
piston to a crank, whose arbor supports the fly-wheel, and 
communicates motion to the connecting apparatus. 
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G. F. MuNT2, Bimungham, March 2, 1816. 

For a method of abating, or nearly destroying smoke, 
and of obtaining a valuable product therefrom. 

A. Rogers, Halifax, March 23, 1816. 

« 

For an improved method of setting boilers. 

W. Stenson, Coleford, April 9, 1816. 

G. BoDLEY, Exeter, April 27, 1816. 
For an engine to work either by steam or water. 

J. Neville, Northampton Square, Aug. 14, 1816. 
For a new and improved method of generating steam. 

W. LosH, Newcastle-upon-Tyne, Sep. 30, 1816. 

That part of Mr. Losh's patent which relates to the lo- 
comotive engine, coasists in an improved mode of connect- 
ing and supporting the apparatus by means of pistons 
working in steam-tight cylinders, which answers the pur- 
pose of a spring carriage, and produces a continued 
equilibrium in the various parts of the engine. 

B. DoNKiN, Surrey, 1816. 
Boiling water. 

P. Taylor, Bromley, 1816, 
Applying heat. 

R. Stirling, Edinburgh, 18^6. 
Saving fuel, 

J* Turner, Layton, 1816. 
Rotatory engine. 
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J. Gregson, London, 181f>. 
Supplying fuel. 

G. Mainwaring, Marsh Place, Lambeth, May 22, 1817. 

This inVention consists in conyeying the steam (after 
leaving the cylinder in order to be condensed) through a 
passage or passages surrounded with water supplied from 
the hot well. In these passages are fixed a number of 
metal pipes or tubes which are filled with water from the 
surrounding casings, and which has its temperature in- 
creased by contact with the steam passing to the ^con- 
denser. The water thus heated is conveyed by a force- 
pump to the boiler, and a considerable saving of fuel is 
thus effected. 

J. Oldham, South Cumberland Street, Dublin, Oct. 10, 

1817. 
For an improvement in the mode of propelling vessels 

by the agency of steam. 

M. Poole, Lincoln's Inn Old Square, Dec. 15, 1817. 

W. A. Osborne, Bordesly, 1817. 
Boring cylinders. 

G. Stratton, London, 1817. 
Saving fuel. 

W. Moult, Bedford Square, London, Jan, 15, 1818. 

J. ScoTT^ Bengo Place, Surrey, Jan. 23, 1818. 
For an improved mode of propelling steam-boats. 

J. MuNRO, Finsbury Place, Middlesex, Feb. 12, 1818. 
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J. Rout LEDGE, Bolton Je-Moor, Lancashire, Feb. 27, 

1818. 

For improYements upon the rotatory engine. 

W. Church, Clifton Street, Finsbury Square, April 8, 

1818. . 

T Jones and C. Plimley, Birmingham, May 7, 1818. 

In this specification the patentees describe an apparatus 
intended tp operate either as a blast or steam engine, and 
the piston is rendered air-tight by means of a column of 
water. 

J. Mallam, Marsham Street, Westminster, Aug. 5, 1818. 

Sir W. Congreye, Cecil Street, Westminster, Oct, 19, 

1818. 

The principle upon which elastic Yapour is employed in 
this engine, consists in collecting its force beneath the 
pressure of a column of water or other heaYy fluid, and its 
effect to produce motion will then be regulated by their 
re-acting pressure. 

To apply this force to the greatest adYantage, this in- 
genious experimentalist reconunends the employment of an 
apparatus resembling the OYershot water-wheel, but in 
this case the wheel is immersed in a fluid in which it is 
made to rcYolYc, and the steam entering beneath the hol- 
low boxes or float boat is made to produce a continuous 
rotatory motion by its ascent to the surface. 

J. FRASERf Long-Acre, London, Noy. 12, l6l8. 
For improYcments in the steam-boiler. 

E. Wright, Token-House Yard, London, Nov. 14, 1818. 
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L. CocHRAirB, and A. Galxowat, 1818. 
Machine for consuming snu^e. 

W. Moult, London, 1818. 
Certain improyements. 

A. Haliburton, Wigan, 1818, 
Furnace. 

P. Taylor, Bromley, 1818, 
Applying heat. 

J. Ikin, Christchurch, 1818, 
Furnace bars. 

Marquis De Chabannes, London, 1818. 

Boiler of tubes. 

H. Creighton, Glasgow, 1818, 
Regulating the admission of steam. 

J. Seaward, Kent Road, London, April 3, 1819. 
For an improved mode of generating steam. 

W. Brunton, Birmingham, June 29, 1819. 

An account of Mr. Brunton's mode of consuming 
smoke, will be found in a preceding page. 

G. KiLLEY, Briggin, 1819. 
General improvements in the construction. 

J. PoNTiFEx, London, 1819. 
Improvement on Savery's Engine. 
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J. Oldham, Soudi Cmnberland Street, Jan. 15, 1820. 

For improyements on a previous patent, dated Oct. 10, 
1817. 

J. Barton, Falcon Square, London, May 15, 1820. 

J.Hague, Great Earl Street, Spitalfields, June 3, 1820. 

J. Wakefield, Ancott's Place, Manchester, June 6, 1820. 

For improyements in the construction of furnaces by 
which a saying of fuel may be effected. 

W. Brunton, Birmingham, 1820. 
For an improved mode of constructing furnaces. 

J. Rider, Belfast, Ireland, July 20, 1820. 

For improvements capable of producing a concentric 
and revolving eccentric motion, applicable to steam en- 
gines, &c. 

J. Moore, Castle Street, Bristol, Dec. 9, 1820. 
For an ingenious, though we fear useless, rototary engine. 

W. Pritchard, Leeds, Yorkshire, Dec. 22, 1820. 
For a saving of fuel by the combustion of smoke. 

W. Carter, Middlesex, 1820. 
General improvements. 

J. Parkes, Warwick, 1820. 
Consuminof smoke. 

W. Aldersey, Homerton, Middlesex, Feb. 3, 1821. 
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T. Masterman, Broad Street, Ratcliffe, Feb. 10, 1821. 

For a rotatory engine which we have already very fully 
described. . 

R. Stein, Walcot Place, Lambeth, Feb. 20, 1821. 

H. Penneck, Penzance, Cornwall, Feb. 27, 1821. 
For lessening the consumption of fuel. 

H. Browne, Derby, March 16, 1821. 
For saving fuel and consuming smoke. 

A. Manby, Horsely, Staffordshire, May 9, 1821^ 

T, Bennet, Bewdley, Worcestershire, Aug. 4, 1821. 

F. A. Egells, Britannia Terrace, City Road, Nov. 9, 

1821. 

C. Broderip, London, Dec. 5, 1821. 

J. Griffith, Crompton Crescent, Dec. 20, 1821. 
For an improved locomotive engine. 

J. Bates, Bradford, 1821. 
Feeding furnace. 

R. Delap, Belfast, 1821. 
Steam wheel. 

J. Dickson, London, 1821. 
.Transmitting heat. 

P. Devey, London, 1821. 
Preparing fuel. 
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P. LoN]>ON9 Loodoiiy 1821. 
1 Furnace. 

N. Arnot, London, 1821. 
Furnace and boiler. 

Sir W. Conoreye, London, 1821. 
Addition to a former patent. 

J. Gladstone, Castle Douglas, Galloway, Dec. 20, 1821, 
For an improvement in the construction of steam vessels. 

G. Stephenson, Long Benton, Northumberland, March 

21,1822. 

, A. Clark, Dron, Fifeshire, March 21, 1822. 
. For an improvement in the boiler and condenser. 

M. I. Brunel, Chelsea, Middlesex, June 26, 1822. 

J. Smith, Sheffield, Yorkshire, July 4, 1822. 
For an improvement in the boiler. 

Messrs. Beninofield and Beale, High Street, White- 
chapel, Sep. 27, 1822. 

Messrs. T. and J. Binns, Tottenham Court-road, Oct. 18, 

1822. 

For improvements in propelling vessels, and in the con- 
struction of steam engines and boilers. 

T. Leach, Blue Boar Court, Cheapside, Oct. 25, 1822. 
J. Perkins, Fleet Street, London, Dec. 10, 1822. 
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W. JoHirsON, Great Totham, Esset. Jan, 8, 1 8S. 

For a means of obtaining the power Of steam for the 
use of steam engines, with reducied expenditure of fiiel. 

J. Perkins, Fleet Street, London, June 5, 1823. 

Messrs. Fisher and HdRTON, Westbromwich, Stafford- 
shire, July 8, 1823. 

For an improvement in the construction of boilers for 
steam engines, and other purposes where steam is re- 
quired, 

Messrs. Bower and Bland, Hunslet, Leeds, Yorkshire, 

J^ly 81, 1823. 

For an improvemient by which the air pump is rendered 
unnecessary. 

W. WiGSTON, Derby, Derbyshire, Aug. 11, 1823. 

Messrs. Perkins and Martineau, Hill Street, London, 

Nov. 20, 1823. 

For an improvement in the construction of the furnace 
of steam boilers and other vessels, by which fuel is eco- 
nomised and the smoke consumed. 

Messrs, Furnival and Smith, Droitwitch, Dec. 9, 1823. 

For an improved boiler. 

S. Hall, Basford, Nottinghamshire, April 8, 1824. 
For an improved steam engine. 

P. Taylor, City Road, London, July 3, 1824. 
W. Foreman, Bath, Somersetshire, Oct. 7, 1824. 
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P Alboree, Conuiiercial Road, Middlesex, Qct, 7^ 1824. 

For an improved method of generating steam appli- 
cable to steam engines and other useful purposes^ 

Messrs. Maudslat and Field, Lambeth, Oct. 14, 1824. 

For a mediod of changing the water used in boilers for 
generating steam, particularly applicable to the boilers of 
steam vessels making long voyages, by preventing the 
deposition of salt or other substances contained in the 
water, at the same time retaining the heat, saying foel. 
and rendering the boilers more lasting. 

J. Moore, Broad Weir, Bristol, Nov. 6, 1824. 

A. TiLLOCH, LL. D. Islington, Jan. 11, 1825. 

Messrs. Burnstall and Hill, Bankside, Southwark, 

Feb, 3, 1825. 

For a locomotive or steam carriage. 

Messrs. Gilman and Sowerbt, Whitechapel Road, 

AprU13,1825. 

For improvements in generating steam, and on engines 
to be worked by steam or other elastic fluids. 

J. C. C. Raddatz, Salisbury Square, Fleet Street, May 

14,1826. 

W. H. James, Coburg Place, Winson Green, Birmingham, 

June 14, 1825. 

For improvements in the construction of boilers for 
steam engines. 
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Messrs. Thompson tind BarII, Vincent Square, West- 

piinster, June 21, 1825. 

r For improvements in producing steam applicable to 
steam engines, or other purposes. 

J« A. Teissier, Tottenham Court Road, Sep. 15, 1&25. 

G. Gurnet, Argyle Street, Middlesex, Oct. 21, 1825. 

For improvements in the apparatus for raising or gene- 
rating steam, &c. 

L. W. Wright, Princes Street, Lambeth, Surry, Oct. 21, 

1825. 
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Abstract of Evidence and Reports made by a select Com» 
mittee of the House of Commons, on Steam Engines 
and Furnaces. 

MICHAEL ANGELO TAYLOR, ESQ. 

In the Chair. / 

Mr. Joseph Greoson, Surveyor, called in and exa- 
mined. Was of opinion that the nuisance that 2±ose fran 
the smoke of steam-engine furnaces might be attributed to 
two causes : one, the putting on the fire or furnace too 
much crude fuel at one time ; the other, from the chimnies 
being conmionly too low, in proportion to the fuel con- 
sumed. — Had seen this nuisance effectually removed; but 
it had generally been attended with an increased con- 
sumption of fuel : it was seldom adopted but wh^^ the 
parties had been or were under an indictment. — ^His own 
invention consisted in causing all the smoke after it had 
arisen from the fire, to return into the heat of the fire be- 
fore it entered into the flue or chimney, and so was con- 
sumed ; 2ndly, By putting on no more fuel at any one 
time than the smoke of which can be so consumed, and 
that without opening the furnace door for the purpose; 
3rdly, By supplying every fire with air, in order to coun- 
teract the effect of those winds that operate against the 



draught. — Had employed it in the firee and boilera of pri- 
vate houses, uuder steam-en^iue boilers, aud in welding 
furnaces, where a number of bits and scraps of iron were 
packed together, and subjected to an intense heat; they 
were, in that state, then rolled or hammered into one com- 
pact body, — The result however in the latter case was, 
that although every thing acted according to the plans 
laid down, and the fire was regularly supplied with fuel, 
and the smoke completely destroyed, yet the heat neces- 
sary to weld those scraps of iron together could never be 
attained, and this was in consequence of the continued 
repetition of the supply of fuel, damping and preventing 
that heat coming over which arises after all the volatile 
parts of the fuel have been driven ofl'; and which heat, 
being entirely pure, was called a white or welding heat. 
The furnaces requiring a white heat and higher degrees, 
were welding, melting and smelting furnaces, and vitri- 
fying furnaces, as the making of glass and porcelain. 
The melting and smelting furnaces were in many instances 
supplied only with coke, but witness was not aware that a 
welding or glass furnace could be at all worked with 
coke. — Considered that a good effect would be produced 
by raising the chininies; as by increasing the draught the 
smoke would be then more consumed, and by its height 
more dispersed by the wind, — For every fire consuming 
one bushel of coals per day, the chimney should be at 
least thirty feet high, and one foot higher for every 
additional bushel consumed, measuring from the body of 
the fire. — At the new steam engine of 100-liorse power at 
the East London Water-works, Old Ford, there was a 
method of consuming the smoke; a singular plan was 
adopted at the com mills at Islington, Liverpool ; at the 
com mills Newcastle, Stafford, a steam engine, of fourteen- 
■ borse power, had worked for nearly a whole day wilhout 
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smoke, owing to Ae quality of the coal, which was iMirijr 
6d, per cwt.; at the lead niQls, Tottenham Court Itoad^a 
small steam engine was worked with coke only; at: a 
brewery in Staflbrd, a small steam engfine, and a large one 
at the Meddock Mills, Manchester, consumed the smoke 
on the patent principles ; in all, six different engines. — 
S^narked, howeyer, that under the very best circum« 
stances and contriyances, there were times in which the 
smoke of crude fuel could not be consumed, viz. at the 
first lighting of the fire, and at any sudden changes of 
damping or raising the fire. — ^The expense of setting up a 
'six-horse engine, on the witness's plan, would be abont 
16/; and a thirty-six one, about 90/.; or 32/;; an old 
furnace could be altered for 16/. and it would be about 
one-tenth saving of fuel ; it would be upon the gaining, 
and not the losing side. — ^In point of fact, the expense of 
the application of this patent would be shortly saved .by 
the saving of fuel. The same princi[ile would alad apply 
to the steam packets. The smoking of an ordinary 
chimney was removed by a common fire conMructed on 
that principle. The expense of altering an dd engine of 
a hundred-horse power, upon the new. principle, would 
not- be less than 100/. — ^In the making of gas^ the coal was 
only subject to a red heat, and the gaseous vapours of 
which might be considered as distilled over, while die 
principal part of the fuel remained as coke; but in a 
coounon furnace die coal was entirely consumed, leaving 
only ashes or a vitrified clinker; the smoke containing 
much ammoniaeal matter, could not be burnt but -hi a very 
intensie heat, approaching to a white or' welding heat; 
consequently, when the smoke was burnt under\Ae boiler, 
it was very destructive to thte metal; but being burnt upon 
his prmciple, that destruction was wholly avoided ; the 
smoke was thus subjected to die required befit, ian entire 



change or decompasition taking; place, and tlic product 
was principally steam ; whereas the coal gas never baring 
been subjected to that heat, there was greater difficulty in 
freeing it from its impurities; therefore the vapour arising 
from burnt smoke, was more pure than that arising from 
the burning of coal gas, 

Mr. William Moult, Assistant to Messrs. Cooke, called 
in and examined. The former mode of heating the boilers, 
was by putting the coals over the bars in the common 
way; but his improved method was to make the flame 
come over the coals, which were laid upon an iron plate, 
and the flames made to pass over the surface of the coals 
upon the iron plate which lighted the coal at the fop, and 
the red part of the coal was next the bottom of the boiler ; 
by that means, the smoke as it rose from the coals was 
consumed in its passage over the bars. — The consumption 
of fuel with the old boiler was regularly eighteen bushels 
of coals in twenty-four hours ; but when altered in this 
manner, twelve bushels produced a similar effect. The 
smoke bore no proportion to what it was under the old 
method. Had put up a small boder for a steam engine 
upon the same plan, and found it answer. Thought it 
would be applicable to soap manufactories, because their 
boilers were generally long boilers : in some steam engines, 
it would be difficult to do it, because the fire was obliged 
to rise in the front, and pass that way. 

George Lghan Tuthill, M. D. of Soho Square, called 
in and examined. Believed the atmosphere of London to 
be prejudicial to health ; the accounts which had been pub- 
lished at different times, concerning the relative duration of 
life iu London and in the country, might be considered as 
Laving proved that duration to be considerably diminished 
by a residence in this metropolis. It was probable that 
|..fbis depended upon the atmosphere of London. There 

L 
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wac a great variety of causes which ccmtributed to render 
' that atmosphere unfavourable to health; and it nught be 
presumed that the quantity of carbonaceous matter sus- 
pended in it, was one of the causes of its insalubrity. The 
rapid advancement to recovery which we frequently see 
in sick persons, during a short residence in the country, 
proved the influence which the atmosphere of London had 
upon health; there were many diseases incident to the 
human body, in which the influence of that atmosphere 
might be .more easily detected than in a state of health. 
In certain diseases of the lungs, especially, it might be 
proved that the smoke of London was prejudicial.— -Con- 
ceived that the fog peculiar to London, so different in its 
sensible properties from any fog in the country^ depended 
upon the smoke of the metropolis, and was prejudicial in 
many diseased states of the lungs. — ^The greater the 
quantity of carbonic acid gas in a given volume of air, the 
greater would be the insalubrity of that air. But ia 
/ crowded cities, the air was contaminated from a variety at 
other causes, which chiefly owed their origin to the exha^ 
lations, either from the living animal body, or from 
decomposing animal and vegetable matter, when the 
principle of vitality was extinct — Conceived the smoke 
arising from steam-engine furnaces might be prevented: 
it could be effected by making the smoke pass through an 
ignited tube, whilst the combustion of the soot wais there 
assisted by a fresh current of atmospheric air. Saw no 
reason why a simple apparatus might not be so contrived, 
as to render that combustion con^lete. But it appeared 
to be deserving of consideration, whether this amiihilaticm 
of smoke ought to be confined to manufectories. If, in- 
stead of burning ccmmion coal, that fuel were first divided, 
as it now was in the gas-light manufactories, into coke 
and carburetted hydrogen gas, Bead these were afterwards 




I'toumimed in union, the brilliancy and warmth which was 
' enjoyed by the fire-side would, to say the least, be 
L Undiminished, whilst the smoke would be entirely de- 
■ifcroyed. This niig^fat be tried without any difficulty by 
fte judicious admission of g;as into a common grate filled 
"iHth coke; the materials in fact would be the same as of 
our commom fires, but employed in a state of greater 
purity. There was no limit to this mode of destroying; 
smoke: and should a plan of this nature be hereafter 
adopted, chimuies, as they were now constructed, would 
be quite unnecessary; a small tube would be sutticieiit. 

Mr. William Losh, of Newcastle-ou-Tyne, called in 
and examined. Considered it impossible to state any thing 
which could be satisfactory, without referring to a plan. 
Would only state, that in some engines which had been 
erected according to witness's plans, the smoke was en- 
tirely consumed. — Was of opinion that for smelting ores, 
long horizontal flues would be advisable, and would 
nearly do away with the nuisance ; but for glass-hou.ses, 
witness did not know of any practical remedy. 

Mr. William BRUNTON,ofBinuingham, Civil Engineer, 
called in, and examined. Furnaces for consuming smoke, 
as they were usually constructed, consisted of two distinct 
parts: 1st, the grate upon which the coal was consumed; 
2dly, the feeding-mouth into which the coal was put (with 
the shovel) preparatory to its being pushed forward upon 
the grate, at the end of the feeding-mouth ; opposite to 
that which joined the grate, was fitted a door, in which 
were holes with covers, for regulating their apertures, by 
which atmospheric air was admitted at pleasure. The 
process was thus : whilst the coal already upon the grate 
was in high combustion, and had ceased tu smoke, the 
coal in the feeding-mouth, being exposed to the heat of 
—tbe fire, underwent a degree of coking, and the smoke was 



thereby evolved, wliich, ronibined with ci portion of air 
admitted at tlie openings in tlie door, passing into the 
chimney over the hot fire, was consumed. When the fire 
was to be renewed, the coal thus acted upon was forced 
forward upon the grate, still carefnlly preserving a strong 
fire of weil-bumt coal on the farther end of the grate, in 
order to coasume the smoke, which woidd now be given 
out by the coal thus brought into active combustion ; 
at this period a much greater portion of air must be 
admitted, than woulil be needful when the coal last 
forced forward had attained its full heat. 

The following were the principal objections to the 
general adoption of this species of fiu-nace : First, the pro- 
cess of coking, or preparing the coal in the fecding-nionth, 
was very imperfect, and bnt a small part of the coal ne- 
cessary to feed the fire was affected by it, so as to give out 
less smoke when forced upon the grate. Secondly, though 
the judicious admission of air to enable tbe smoke to ignite 
«'as found advantageous, yet a small excess admitted was 
found to have a very injurious etl'ect in cooling the boiler; 
and as the quantity of air required for the combustion of 
tbe smoke must vary every moment of tbe interval between 
the times of renewing the fire, (perhaps fifteen or twenty 
minutes,) nothing short of the greatest care and unremit- 
ting attention to the admission of the air conid accomplish 
the object with economy. This care on the part of the 
workmen could very rarely be obtained ; and proprietors 
of steam engines have found that, for want of this, the 
burning of sinoke has been too expensive for them to 
persevere in. — Witness having turned his attention for' 
some years to this subject, bad discovered a method by 
which the smoke might be consumed economically, and 
its practicability less objectionable than the methods 
usually adopted : 1st, by putting the coal upon the grate 



y email quantities, and at very short intervals, say every 
■ro or three seconds ; 3dly, by so disposing of the coal 
lilpoii the grate, that the smoke evolved must pass over 
■ -tfcat part of the grate upon which the coal was in full 
combustion, and was thereby consumed ; 3dly, as the in- 
troduction of the coal was unifurto in sbort spaces of time, 
the introduction of the air was also uniform, and required 
uo attention from the fireman. As it respected economy, 
let, the coal was put upon the fire by an apparatus driven 
by the engine, and so contrived, that the quautity of coal 
was proportioned to the quantity of work the engine was 
performing, and the quantity of air admitted to consume 
the smoke was regulated in the same manner ; 2dly, the 
fire door was never opened excepting (o clean the lire ; the 
boiler of course was not exposed to that continual irrega- 
larity of temperature which was unavoidabie jn the com- 
mon furnace, and whicb was found exceedingly injurious 
to boilers; 3dly, the only atteution required, was to fill 
the coal receiver every two or three hours, and clean tbe 
fire when necessary ; 4thly, the coal was more completely 
consumed than by the common funiace, as all the efTect of 
what *aB termed stirring up the fire (by which uo incon- 
siderable quantity of coal was passed into the ash-pit) was 
attained without moving the coal upon the grate. — Con- 
ceived that in a twenty -horse engine, tbe increased expense 
a ,of erection would be between 75^. and 100/. 



FIRST REPORT. 

E Select Committee appointed to inquire how far it may be 

'^^practicable to compel persona using Steam Engines and 

^' Furnaces in their different works, to erect them in a manner 

IS prejudicial to public health and public comfort^ and to 

f ■ report theii' Observalioaa thereupon to the House j — have 

d upon the following Report: 
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That from the advaiiioed period af the Semon, at whidi 
the appointment of your Coniinittee took jdaee, it was not ' 
to be expected that they could form any ultimate ^cision 
9» to the precise object of their inquiry ; but as fiur as thej 
ha^e hitherto proceeded, they confidently hope that the 
nuisance so universally and so justly ccnnplained of, 
may at least be considerably diminished, if not altogether 
removed. 

Your Committee have had under their examination, men 
whose minds have been long and practically directed to 
the extinction of the evil ; and from their evidence, the 
House will be enabled to judge how far their opinions 
correspond with those of your Gonunittee. 

The disinterested communications made by persons 
whose private interests might have led them to a different 
line of conduct, cannot be too highly valued and extolled. 
July 12, 1819. 



SECOND REPORT 

jFVom the Select Committee on Steam Engines, 

Furnaces, Sfc. 

MICHAEL ANGELO TAYLOR, ESQ. 

In the Chair. 

Mr. JosiAH Parkes, of Warwick, Worsted Manufac- 
turer, called in, and examined. Had practised various 
methods for reducing the smoke arising from a steam engine, 
for about six years ; had so far been able to accomplish the 
removal of the nuisance, that for about twelve hours of the 
day the smoke was nearly invisible; had three boilers^ 
and found that in an hour after lighting the fires, there 
was heat enough to consume the whole of the smoke 



' arisini;'' from them. Had adopted a mode of firing, wtiicb 
was (iractised with il, greatly conducive to economy of 
fuel. The daily consumption was twenty-five cwt. to 
supply the engine, dye-house, and washing coppers ; while 
witness was formerly in the habit of using from thirty -six 
to forty hundred weight. Employed steam at a pressure 
of three pounds and a half on the inch, the ordinary pres- 
sure of Messrs. Boultuii and Watt's engines. Had applied 
the improved apparatus at Messrs. Barclay and Perkins's 
brewhouse, and was perfectly satisfied with the result; 
and the destruction of the smoke was nearly complete. 
But the Newcastle coals made a great deal more smoke 
and less flame than the Staflbrdsbire, and therefore the 
destruction of the smoke became a much mure difficult 
object. Had an air-valve 1o regulate the quantity of air 
admitted to burn the smoke, which was regulated or closed 
at pleasure. Had reduced the consumption of coals, by 
the combined adoption of the mode of firing with the 
destruction of smoke from thirty-six hundred weight to 
twenty-five hundred weight, daily. When much smoke 
was being made, had uniformly found the draught increased, 
because, by the conversion of the smoke into active flame, 
the rapidity of its passage was facilitated. — Witness wished 
to state one further circumstance ; that he believed that 
this plan of burning smoke was applicable to works of 
various descriptions; and from the efiect produced at 
Messrs. Bau'clay's brewery, under the three boilers that lie 
had altered, he had received directions from them to pro- 
ceed with one of the large brewing coppers. Tbougiit it 
might be applied to annealing and reverberating furnaces, 
and most close fires. In chatting the fire-place, the fuel 
was gradually pushed backwards as it became ignited, 
tmtil the whole capacity of the furnace was one mass of 

, coals; the feed-moiith was also then filled up, and the 
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door was ckisedlbr ihb day; Thb reqaifed about'tifp 
hoiini. Had stated that the heat wag increased by the 
admission of air to bum the smoke; and to ascertain the 
amount, bad placed a thermometer in suidh a posture, whea 
the fionoke w^ bemg consumed^ by the ^^diliisston o£ the 
W^ that it stood at 214 degree ; .by the i^den cIo$mg of 
ih^air-yalye, the sHK>ke parsing away -uiiconsiime^':the 
thermometer fell to 20O'. The appearlilice of the flame 
when no air was admitted, was red and diKricy, intermiixed 
with quantities of smoke ; and large quantities of jsoot were 
seeli to come oyer from the fire with it; but when the air 
was admitted, the smoke caught fire with a brilliant white 
light, and the soot was eyidently consumed. It was the 
combustion of the charcoal whi(ih produced the light 
The expense of alteration upon witness's plan would be 
but trifling, probably about 90/. or 90/. to each boiler; 
but the premium had not been determined.. Ajs a proof of 
the small expense, and the little tiine attending the ne- 
cessary alterations, the three boileiNs at Mei^s»*s. Barclay's 
brewery were altered in five days. 

Mr. Willi Aji Phipson, of Binnii^hain, called in, and 
examined. Had paid a great deal of attention to the dif- 
ferent plans that had been suggested for burning smoke, 
and had found them in general, if not always, attended 
with an increased consumption of fuel; and likewise so 
much care and skill required from the fireman as was 
seldom to be found in persons so employed. Had suc- 
ceeded in considerably diminishii^ the smoke; but was 
very fistr from the perfection which ha^d been obtained by 
Mr. Parkes. Had been many years acquainted with Mr. 
Parkes, had watched very closely the improvements that 
had been making within the last few years at his mill, and 
had found that he had succeeded for some time past, in a 
much more complete manner than any other person," and 



now, conijidered that be had attained complete success in 
the consumption of araoke, attended witL a considerable 
saving of fael. Had seen the furnaces at Messrs. Bar- 
clay's brewhonse since they had been altered, and con- 
sidered the destruction of the smoke as complete there as 
at Mr. Parkes's at Warwick. Had heard it remarked that 
there was still a great quantity of smoke at Messrs. Bar- 
clay and Co.'s; this arose from three large brewing- 
coppers, which bad not been altered by Mr. Parkes ; and 
the issue of smoke from those coppers was so great an to 
deceive persons who viewed the works from a distance. 
Believed Mr. Parkes's plan was applicable to all kinds of 
boilers, and fo most kinds of close fire-places, but not to 
open fires. 
I Frederick Perkins, Esq. called in, and examined. 
Hitad been induced to try the method which Mr. Parkes 
|i "^ad invented for abating the nuisance of smoke, and had 
applied this apparatus to two boilers, and believed they 
were altered in the space of three or four days. When 
worked there was uo smoke excepting at the first lighting 
of the fire; after the fire was made up, and a regular heat 
produced, little or no smoke escaped from the chimney 
when the air valve was open. Believed that the con- 
sumption of fuel was decreased ; but could not say de- 
cidedly. 

Mr. James Spurrell, Brewer, in the employ of 
Messrs. Barclay & Co. called in, and examined. Before 
the adoption of Mr. Parkcs'a alteration for consuming the 
smoke, had made a very considerable portion of smoke 
from the steam engine, but since the adoption of Mr. 
Parkes's plan, there was scarcely any smoke after the first 
f the morning; the fire, when once made up, would last 
a ten to twelve hours. The application had also been 
vie to another copper, which was called the blowing-oil' 
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copper, for blowtng-off and steaming casks, and there the 
plan had been as successfHl as in the steam engine, very 
much to the satisfaction of the house. Thought that the 
consumption of coal would be reduced in the blowin^-ofT 
copper. 

Mr. Benjahin Hawes, Jun. Soap-boiler, called in 
and examined. Had altered a steam engine furnace under 
Mr. Parkes's direction, and found a very considerable 
reductioQ of smoke in consequence ; with respect to fuell 
could liardly state whether there is any saving, not having 
had the returns. 

Charles Mills, Esq. a Member of (he CoAimiltee, 
examined. Had been at Warwick, and seen Mr, Parkes's 
manufactory. Saw the three furnaces in operation, and 
had an opportunity, by looking into the iire-place, of 
seeing the diA'erenre that was caused in the fire by the 
opening and shutting of the air-valve. In one case there 
led to be a thick smoke, and the tire clouded ; in the 
other case the smoke was wholly removed, and there was 
a perfectly clear fire. Went out of the engine house into 
the court, to observe the top of the chimney : in one Case 
observed scarcely any smoke visible coming from the 
chimney; in the other, when the alteration was made, to 
try the experiment, found a very considerable quantity of 
smoke to arise. 

DcGDALE Stratford Dugdale, Esq. a Member uf 
the Committee, made the following statement. Had at- 
tended Mr. Parkes's manufactory, for the purpose of 
seeing the trial of the experiments for consuming smoke 
by a method he had lately introduced, which apjieared to 
be very simple, and at the same time tu be perfectly eili- 
cacious. 

Michael Anoelo Taylor, Es^. Chairman of the 
Committee, made the following statement. I was applie<d 
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to about BIX weeks ago to take Warwick in my way to 
London, for the purpose of seeing the furnaces that were 
used in the works of Mr. Parkes. I of course appointed 
a time, and on my arrival at Warwick, in company with 
Mr. Denman, a member of this house, went into the 
manufactory of Mr. Parkes, and made every observation I 
could to satisfy myself of its efficacy in meeting the ob- 
ject which I had in view, that of diminishing the smoke of 
furnaces erected for the purposes of heating the boilers 
used for working steam engines, and for furnaces neces- 
sary ill different branches of manufactures, as well as in 
brewhouses, I never thought, as far as my present inquiry 
and observation was directed, that the experiments which 
had been made, and which had been reported to me by 
Mr. Parkes and other gentlemen, could lessen the smoke 
that arises from furnaces used in the smelting of ores, or 
in the vitrifying of glass. My object in going to Mr. 
Parkes's was to ascertain how far bis experitneut could 
succeed in furnaces of the description I have before 
alluded to, let their power and extent be what they might, 
and to judge from every experiment I could there make, 
whether his plan would be generally applicable. On 
going into Mr. Parkes's premises I c^uld not perceive the 
least smoke arising from any chimney in the place, so 
much so that I was at a loss to ascertain which was the 
chimney attached to the furnace which supplied the heat 
for the steam engine. I also noticed very accurately the 
garden which immediately adjoined the furnace, to see if 
from the lowers aud from the different plants that were 
in that garden there was upon them the affection of soot 
or smoke ; I could perceive none, though I inspected tbem 
very narrowly. I was anxious to make this trial, know- 
ing from experience that the volumes of smoke which 
from the furnaces on every side of the river Thames 
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wiien pres.^(;d against them. Secondly, another effect, of 
considerable importance in London, was that the fire- 
bricks which formed a part of the fire-place were not even 
vitrified, and would therefore last very much longer than 
in the usual furnace. Thirdly, the boilers, in consequence .1 
of the regidarity of the heat, might fairly be expected to 
last much longer, and the supplementary boiler, on which ' 
of course the greatest wear would take place, might at 
any time be taken down, while the principal boiler, with 
all its connecting pipes, remained unmoved. 

In the fire-regulator, first, by the very equal distribu- 
tion of the coal upon the surface of the grate, a thin fire 
and a sharp draught was maintained, and this was effected 
by tlie coal being introduced in small quantities tailing' 
upon the whole of the area of the fire in regular succes- 
sion. Secondly, the coal was introduced upon the fire 
without opening the fire door; and this was etfected by 
dropping the coal through the roof of the supplementary 
boiler. Thirdly, the decomposition of the coal was mnch 
more perfect than by the common furnace, and this was 
effected by the revolving of the grate, which exposed 
each side of every piece of coal on the grate to the current 
of the fire passing constantly in one direction across it. 
Fourthly, the introduction of the coal was completely 
governed by the gt«am generated, analogous to a water 
wheel, governing by its velocity the cjuantity of the water 
permitted to fall upon it; thus, considering the produc- 
tion of the steam as the effect, and the introduction of coal 
as the cause, the former had a perfect check over the 
latter, and at no time admitted more coal into combustion 
than was really necessary for the performance of the work 
which the engine was then doing. Fiflhly, the whole 
apparatus, being a very simple mechanical arrangement, 
acted independently of either the skill or the carelesanew 
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^■ef the fireman. No coals should be put upon a fiteam- 
^ «n^ine 6re uatil they were small enough to paaa a tiiree- 
inch mesh ; therefore the necessity ot" breaking the coal lo 
that size was advantageous. Had lately burned a species 
of email coal, which had till now been regBrded as per- 
fectly useless; and as such there were thousands of tons 
encumbering the ground in the Staifordshire collieries, 
incapable of being used with eficct in any other furnace 
than the fire-regulator; and this hitherto supposed rub- 
bish had produced seventy per cent, of the effect uf 
saleable coal ; thus bringing into use that which was of 
no value. — In obtaining the maximum effect, thought it 
advisable to employ a thin tire, with a sharp draught) wit- 
ness beiug of opinion that the greater quantity of oxygeu 
brought into contact with the coal in combustion, the 
greater heat or effect was produced from it. The fire- 
regulator, and the other modes proposed for burning 
smoke, stood upon very diffei-ent grounds ; for the value of 
a boiler as an implement for generating steam, depended 
upon the quantity of coal wliich might be burned under 
it producing a maximum effect ; and when auy change 
was made in a furnace, by which either the quantity of 
coal consiuned with a maximum effect was dimijiisbed, or 
the effect of the same quantity of coal decreased, in either 
case it was injurious. The fire-regulator, while it in- 
creased the quantity of coal consumed, increased the 
effect also, and thereby increased the value of the boiler 
to which it was attached, as it would raise a greater quan- 
tity of steam at a much less expense. The usual plan 
adopted consisted of a mere change in the form of the 
furnace, which when appreciated by the proprietors, was 
of no more value than it was before ; but the fire-regu- 
lator made a positive addition to the size of the boiler, 





258 

r 

and was tai^lile jH^operty, aaid when ike proprietor took. 
his stopk stood for its own cost. 

■ Mr. James Scott' Smith, Distiller, called in and ex- 
amined* Had found that they could consume the sm(4e 
to a very great extent, and although it was not ccMupletely. 
invisible, yet it was never ofiensive. Had never under- 
stood that it was possible to consume the smoke entirely. 
The fire-r^^ator invented by Mr. Brunton had many 
advantages; 1st. The boilers to which it was attached 
had their power greatly increased ; would last a longer 
time, and would not be so liable to leak as those on the 
old plan, which arose from the ^circumstance of the fire- 
door not being opened to introduce the fuel, consequently 
the frequent draughts of cold air were excluded, and the 
boilers retained an uniform temperature. 2ndly, There 
was a great saving of fuel, viz. thirty-eight per cent, and 
this was the aven^ of a three-weeks' expmment with 
the fire-r^ulator, compared with the work of three m&k 
in a Avee-weeks' experiment on the old principle. — Con- 
sidered Mr; Brunton's machinery and alterations altoge* 
ther, had cost two hundred and fifty pounds. 

Mr. VTilliam Brunton, again called in, and examined^ 
Conceived that the general expense of tdtering an old 
furnace for the purpose of applying improved apparatus, 
so as to make it efiectual to a twenty-horse engine, would 
be about three -hundred pounds ; out of which the patentee 
received about sixty or seventy pounds. 

Mr, Peter Whitfield Brancker, Sugar Refine, 
called in, and examined. Had applied to Mr. Brunton to 
erect an additional boiler, having heard that it would also 
have the effect of burning the smoke. Ther apparatus 
was finished early in May. Had watched the process 
carefully, and took notice of the difference of the power of 



tite steam, and the quantity of smoke compared with what 
was emitted formerly, and found that aItlioiig;h the appa- 
ratus was not perfect for want of the other boiler being 
also fixed, that the quantity of smoke was very trifling 
indeed, little or nothing, and that the power of steam was 
very much increased ; the quantity uf coals saved, as far 
as could be judged, was something better than one-fourtb, 
about thirty per cent. Was perfectly satisfied with the 
result, which had caused a good deal of inquiry in Liver- 
pool, many persons having been to examine the apparatus, 
Mr. John Wakefield, called in, and examined. 
Thirty years ago was acquainted with the town of Man- 
chester. A Mr. Drinkwater bad then erected the first 
mill that was built for mule spinning in England, in a 
populous part of Manchester; who did, not wish to be 
offensive to his neighbours tliere. Witness had turned 
his attention to that subject with Buulton and Watt's 
assistance, and consumed a part of the smoke, but it took 
more coals by ten per cent, than the old mode. In the 
year 1816 again turned his attention to this subject; it 
tvas much wanted in Manchester, and no progress had 
appeared to be made. In 1817, print-works were erected 
near to Earl Wilton's, at Heaton, on his lordship's pro- 
perty ; this was to be on condition that they shoulti make 
no nuisance on his grounds, which witness had done 
with a low chimney, not so high as that of the houses; 
the next was Mr. Jonathan Pollard's, who had an engine 
set up by Boulton and Watt, and he tried a smoke-burner 
made by Mr. Robertson of Glasgow, but it did not give 
satisfaction. His principle was applied, which saved 
twenty-five per cent, in coal, and consumed the smoke 
completely, except a little at the renewal of the fire, 
which was now obviated. Mr. Jowle, a brewer in Salford, 
was under indictment by the magistrates for a nuisance 
s2 
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occniobed by the flmoke ; he applied to witoess^ heftring; 
Mr« Pollard's utas done, and the alteration was made 
under his brewing* coppers^ it had die desired effect, and 
he so much approved of it, by its -saving of twenty-five 
per cent, and making his premises cleaner, that he had 
his steam engine boilers altered, for which he was not 
indicted; and he also had other works where he had 
alterations made in the same manner. — Had applied the 
same invention to other works at places for catico-printii^, 
where the pieces iay on the ground, and where the oxides 
of iron and blacks stained them, which inconvenience was 
now obviated to their satasiaction. l* he expense of wit* 
ness's apparatus for a twenty-horse-ipower ^engine would 
be twenty or twenty-five pounds, besides the charge for 
remuneration. 



REPORT. 

The Select Committee a^^inted to inquire how far it may be 
practicable to compel persons using Steam Engines and 
Fumitoe$ in their different works to erect them in a manner 
less pflejudicial to public health and public comfort ; and to 
report meir Obseryations thereupon to the House; — ^have, 
pursuant to the Order of the House, examined the matters to 
them referred ; and have agreed to the following Report : 

The revival of your Committee has afforded a full op^ 
portunity of ascertaining how far the reduction of smoke 
in furnaces of different descriptions can be practically 
accomplished; and the evidence detailed already, will 
shew that the object the House had in view has been 
satisfactorily and effectually obtained. 

July 5, 1820. 
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Stdt. 1 and 2. Geo. IV, Cap. 41. entitled 

AN ACT 

For giving greater Facility in the Prosecution and Abatement of 
Nuisances arising from Furnaces used in the working of Steam 
Engines. — To commence Sept. 1st, 1821. 

Whereas great inconvenience has arisen, and a great 
degree of injury has been and is now sustained by his 
Majesty's subjects in various parts of the United Empire, 
from the improper construction, as well as from the negli- 
gent use of Furnaces employed in the working of Engines 
by Steam: And whereas by law, every such Nuisance, 
being of a public nature, is abateable as such by indict- 
ment ; but the expenses attending the prosecution thereof, 
have deterred parties suffering thereby, from seeking the 
remedy given by law: — Be it therefore enacted by the 
King's most excellent Majesty, by and with the advice 
and consent of the Lord's Spiritual and Temporal, , and 
Commons in this present Parliament assembled, and by 
the authority of the same. That it shall and may be lawful 
for the court before whom any such indictment shall be 
tried, in addition to the judgment pronounced by the 
said court in case of conviction, to award such costs as 
shall be deemed proper and reasonable to the prosecutor 
or prosecutors, to be paid by the party or parties so con- 
victed. 

And be it further enacted, that if it shall appear to the 
court before which any such indictment shall be tried, 
that the grievance may be remedied by altering the con- 
struction of the furnace, or any other part of the premises 
of the party or parties so indicted, it shall be lawful to 
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the court, without the consent of the prosecutor, to make 
such order touching the premises, as shall be by the said 
court thought expedient for preventing the nuitancein 
future, before passing final sentence upon the defendant 
or defendants so conyicted.* 

* By Section 3, it is proyided, that tbe provisions of this' act shaU not 
extend to Steam Engines employed solely in the working of mines, or 
smelting of^ metals* 
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APPENDIX (C). 



Steam Boats.* 

tTHE applicfition of the Steam Engine fei propel vessels 
ea, is one amoii^ the many great improvements which 
'(Characterize the age, and invites us to look forward to a 
■fiicility of intercourse with other nations, which must lie 
"highly conducive to our prosperity. While we were 
Obliged to depend upon the natural powers of the winds 
Vnd tides, the uncertainty and hazard of life and property 
-ticted as a bar to commercial enterprise. It is true it did 
not put a stop to it, but it rendered the risk of safe con- 
veyance great, and therefore expensive, and the time of 
transit long and tedious. 

The superior advantages of a moving power within the 

vessel, and completely imder the control of its attendants, 

L fB too apparent to be insisted upon. For a power of this 

Bftind can be increased and diminished at pleasure, or 

P Hotally removed, if occasion requires. It even can be 

■directed in opposition to wind . and tide, — affording a 

means of retreating from the danger of the conflicting 

elements, when their united powers oppose all approach 

to the place of safety ; and in affording a more certain and 

• The above admirable Paper ia from the pen of Thomas TradgoU, 
Esq. Civil Engineer, and forms a very useful oppendis to our atcounl of 
Steam Navigulion, as it fumisheK important mathematical data for the 
EonstnieUon of the paddle nheels. 
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secure mode of conveyance, a new impulse has been given 
to study the laws of motion in fluids, and the theoretical 
principles of naval architecture. 

It has been said, that, in these departments of science, 
the British are less advanc^ tnan other nations, and there 
is, perhaps, some truth in the remark ; for the operations 
of art have hitherto been but slightly directed by science 
in this country. The importance of a knowledge of 
science is only beginning to be felt ; and, in a short time, 
we hope it will be acted on with more success than it has 
been in. any other place, or in any other age. It is much 
lo be wished^ that some able writer would mould the 
ehmiknts of pure science into a form fitted for the use of 
practical m^^ and teach the truths of physical science in 
the plaineiit attd ijiost simple manner, — ^not in the con- 
lieeted trs^s «f syst^ou^ but in the most detached and 
indf^ndbnl form, r^pllecting,. that it is the objeot of 
;dle;practical xian.to acquire the methods of discovering 
.tbe.Uwft of nature as they actually operat^-^4o ascertain 
their relatioii% to ^en^ure and compute forces, motions, 
and elBTects in the particular cases whiidh a^ise in business. 
Knowledge of this kind does not require so much previous 
cystlsnaElic sttidjr, as may be expected; indeed, it is most 
.effectually.cultivated, and rendered fatniliar;by practice. 
; Jt canaot be puri$ued with advance withoiU consulting 
iiatnrej.h^o^e it leads to a close observance of natural 
phevitoi^a. -, f* Mali, Nature's minister and interpreter, 
iMste and understands <mty so muph of the order of natiue 
tehe Jhas :Qbserved by th^ aissistance of (Experience and 
jTeasoh;;'' his labours &e ONifined to directing and mod^ 
fying the effects of natural causes. These causes are 
biflten difficult to investigate; and, therefore, the most 
concise and general modes of reasoning are the best fitted 
fw his purpose ; by Uiese methods, the pure sciences have 
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been advauced to liigli perfection. I allude to the geo- 
metrical and aualytical methods of reaHonin^. By signs 
and vhai'acters, the algebraist forme a condensed and 
faithful picture of the slate of the problem ; the peculiar 
merits of this method are comprehensiveness and gene- 
rality. The geometer effects his object by the relation of 
lines and figures, and appeals to the senses for the cer- 
tainty of his conclusions. £acb method has its advan- 
tages ; but a mixture of tlie two modes is superior to either, 
because the general conclusions of the one may often be 
proved to the senses by the other. 

But to return to the object of this paper, it may easily 
be conceived, lliat the motion of steam boats, their forms 
and proportions, will aftbrd some fine subjects for the 
application of science, and tend to illustrate the remarks 
■we have just ventured, on the advantage of the species of 
knowledge, which is rather founded on a just conception 
of the action of natural causes, than on the systematic 
doctrine of schools. Our object shall be, to find the re- 
sistance at different velocities in still water, and the best 
velocity for the paddles; the disposition and number of 
the paddles; the resistance at ditferent velocities in 
currents or streams, and the velocity for the paddles in 
such cases. 

In still water, it may be assumed, that tfae resistance of 
the same vessel is sensibly proportional to the square of 
the velocity ; the difference from this law being too small 
to produce a sensible effect within the range (o which the 
velocity is limited in practice. Therefore, if a be the 
force that will keep the boat in uniform motion at the 
velocity «, the force that will keep it in motion at the 
velocity v, will be found by this analogy. 



— — = the resistance at the velocity v. 
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* Now, tbis force acts with the velocity v; hence, the 
mechanical power reqan*ed to keep the boat in- motion at 

the velocity r, will be — • 

Whence it appears, that the mechanical power, or the 
power of a steam eng^e to impel a boat in still water, 
must be as the cube of its velocity. Therefore, if an 
engine of twelve horses' power will impel a boat at the 
rate of seven miles an hour in still water, and it be re- 
quired to know what power will move the same boat at 

ten miles per hour, it will be 7* : 10» : : 12 : — |^-r- =35; 

or an engine of thirty-five horses' power. 

Thifif immense increase of power to obtain so small an 
increase of velocity, ought to have its influcsice in fixing 
upon the speed of a boat for a long voyage, :and its pro- 
portions ought to be adapted for that sp^ed, with a proper 
excess of power for emergencies. A low velocity should 
be chosen, where goods as well as passengers are to be 
conveyed. Our example places this in a stgriking point of 
view, for to increase the velocity of the same boat from 
seven to ten miles per hour, requires very nearly three 
times the power, and, of course, three lanes the quantity 
of fuel, and three times the space for stowing it, besides 
the additional space occupied by a larger engine ; con- 
sequently, if seven .miles per hour will answer 'the pui^ 
poses of the trade the vessel is to conduct, the advantages 
.of the lesser speed must be evident. 

According to the principles we have calculated upon, 
the power required to give a boat dilBTerent velocities in 
still water will be as follows : 



3 miles per hour.' 


5J horses' power. 


4 


13 


5 


25 



^ i"*- € milra per hour. 



43 horses' ponci 



10 



I 



In short voyages, tLe extra quantity of engine room 
and tonnag'e for fuel, is not so objectionable : but, in a 
long voyage, it reduces the useful tonnage to so small a 
proportion as to render it doubtful whether such vessels 
wilt answer or not. The consumption of fuel to produce a 
given eSect, is much greater than in engines on land ; 
and, perhaps, much in consequence of the imperfection of 
the draught of the chimney, and the limited space for the 
boiler. The fonner might be easily remedied by an 
artificial blast, directed so as to force the flame to expend 
its heat on the boiler. And, while on this subject, it well 
deserves the attention of those who wish to improve steam 
boats, to adopt some more effective methods of confining 
the heat to its proper object, and particularly where the 
engineer and firemen are exposed to it. 

When the paddles of a steam boat are in action, there is 
a point in each paddle, wherein, if the whole reaction of 
the fluid was concentrated, the eti'ect would not be 
altered ; this point may be called the centre of reaction. 
It has not been determined for the case under considera- 
tion, but may perhaps form a subsequent object of research. 

We suppose the fluid to he at rest, and the velocity 
of the centre of re-action to be V, and the velocity of the 
boat to be v; then V — v is the velocity with which the 
paddles strike the water. Or, the difference between the 
velocity of the paddles and the velocity of the boat is 
equal to the velocity with which the paddles act on the 
water ; hence, when these velocities are equal, the paddles 
have no force to impel the boat ; and, if the paddles were 
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to move at a slover rate, they would retard it. Now, as 
(V — r) is die velocit^i the force of the reaction will be as 
^ — 1,)», for this quantity is proportional to the pressure 
which would produce the velocity V — v. But, during 
the action of the paddle, the water yields with a velocity 
V — r, and since the velocity of the boat is r ; the effective 
powerisas V — rjti : : (V — «)• : tJ (V— b). And the 
effect of this power in a given time, is a max i n mro when 
v'(V — t;) is a maximtim, that is, when 2 V ^3 v, or when 
the velocity of the centre of reaction of the paddjes is U 
tunes the velocity of the boat. 

It ia desirable that the action of the paddles shmild be 
as equable and coutinnoin as possible, uiJeea they Ix ar- 
Tangodsothat the variation of ^e power of tbe:Qngine may 
coincide with the variation ia the acti<m of the paddles, Bnt, 
in attemptii^ to render the. action of the jBddles, eqDid>le, 
their number ought not to be iBcreeaed BK^e thw can be 
avoided, because (here is not then time for the wetn- t« 
^ow between them, so as to a6brd a proper quantity of 
reaction, neither do they clear thenwelves «& well ia quit> 
ting the water. If we suppose 'W L,'Fig. 2,'to be the 

Fig. 2. 




line the water would' assume when at rest, the most fa- 
vourable arrangement, with the smallest numbo- of paddles, 
appears to be to make the paddle A of the wheel A just 
entering, when the preceding one B is in a vertical posi- 
tion, and the one C quitting the water. This arrangement 
allows time for the water to floW between, and for it to 



3flS 

eKftpe'fitta die TMiring paddles. 'if«aiuHler Murfterlw 
eeoployed, there -will 'be a short interrtil, <durin^ i^icli' 
BMie -of the paddles will be in fall action. The utiaoit 
TBriatioQ will fee between the positiww of the wbetds A 
and B, F^, 3, and an HrtermodieKe poaHion is shem by 
the wheel C. I have not attempted to represent the ac- 
tual state <^thQ surface of the water dnring the motion of 
the paddles, for, unless it were done with accuracy aocord- 
iagto nature, it is better undoBe; but -the form of the 
surface will not materially affect the conclusions. 

To determine the radius of the wheel, or the depth of 
the paddles, when the number of the paddles is given, be- <. 
comes an easy problem, when the preceding conditions are 
to be adhered to. 

Fig. 8. Fig. 4. 




For, put AO (Fig, 3.), the radius = r, and x =: the depth 

A a of the paddles ; and n their number. Then = 

the angle A06 contained between two paddles, and r cos, 

= O a ; the cosine of the angle, being the depth from 

the centre of the wheel to the surface of the water ; and, 

360 
r cos. = — = r — a;, or 

n ~ - ■ 

rf 1— COS. — J=ar= A a, the d^th of the paddles. 
Also ij^ = r = A 0, the radius of the wheel. 
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From these eqoBtioDB we have the Allowing ra1e«, nz^ 
To find the radlua of the wheel, when the number md. 
d^h of the paddles are given. Divide 360 by the nom- 
ber of- paddles, which wilt give the degrees in the ang'le 
coBl*ioed between the two paddles. From uni^ subtract 
die natural cosine of this aogle, and the depth of the pad- 
dles divided hf the remaindw wi)l give the radios o( the 
wheel. 

Thus, if the 'number of paddles be 8, and their depth 

1^ feet; then -^=45°, and its cosine is '7071, therefore 

' .• j (n-l ~ ^^^ '***' tl**™^""^ of the wheel. 

Again, if the number of paddles be 7, and their depth 
and its cosine ii 

6234, consequently 7= = 4 feet. 

Both divisions are represented in Fig 1, and it may be - 
Fig. I. 
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marked, that, when the depth of the paddles is fixed 
upon, die greater number of paddles should have the 
preference, because the first impression on the water is 
then less vertical. The difference is easily seen, by com- 
paring; the angles at which the paddles A and a, Fi^, 1. 
strike the water. It will also be observed, that the larger 
wheel must have less tendency to throw the wafer up 
behind at C. 

It is obvious, that, by enlarging the wheel, the obliquity 
of the action on entering the water may be reduced, but it 
also may be done by lessening the depth of the paddles, 
as will be evident from Figs. 3, and 4, where the angles 
are the same in both wheels ; hence it is useful to be able 
to find the depth, and if the number of the paddles and 
the radius of the wheel be given, the depth may be found 
by the following rule : 

Multiply the radius of the wheel by the difference be- 
tween unity and the natural cosine of the angle contained 
between two paddles, and the product is the depth required. 
Suppose the radius is to be 4*5 feet, and that there are to 
be eight paddles, then 4-5 (1 —'7071) =1-318 feet for the 
depth of the paddles. 

I think eight paddles is as small a number as ought to 
be adopted, and where large wheels can be admitted, nine 
or ten might be used with advantage, but where many 
paddles are employed, the wheels must necessarily be of 
large diameter, to keep them narrow. The advantages of 
wheels of large diameter consist in the favourable direction 
they strike the water, and also quit it ; the paddles are 
also more distant from one another, and while they have 
more re-action on the water, they splash it about much 
less ; the weight of the wheel also renders it more effective as 
a regulator of the forces acting upon it, On the contrary 

Ksome strong practicable objections tp very large 
h 
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wbeeh fer MiP-yessels ; tb^ gire tb6 forde <yf th^ imi^M i 
grater boM <»» IhiB njEMdiinery, they Are- ofi^1)»eiiMMiie aiid 
tmd^hdy, and th^y raiie ihe pmnt of adion too high above 
the watep-Hne ; so that die choice requires both experience 
add judgment. 

"[Rie best position for the paddles appears to be in a 
plane passing through the axis, as represented in the 
figures ; if they be in a plane which does not ccmcide 
with the axisy they muist either strike more obliquely on 
the 'fluid in ^entering, or lift op a consid^!able quantity in 
quitting it* With respect to the shape^^of the paddle, it is 
dear that it should besuch that the nsBistance to kk liiotion 
should be the greatest possible; and the pressure behind 
it ihe least possible. These conditions appear^ be fed- 
filled in a high degree by the simplesf^of all foiti^ the 
plane rectangle ; but we might learn much from a judicious 
set c^ experiments on tfe^isubject. 
'. .As itiiere is some )yarbtion :in . die force of sei-actioii 
against the p^dtes^; it may in some : in^Eisure be ^oomp^ 
sated by making its periods, ^incide with tlie .yariatiQn.iii 
the force of the engine. To effect this, the jitroke'gfihd 
engine should be made in the same time as (is occupied by 
that part ol the revolution of the paddle^wbeel, which is 
esgpressed by a fraction having the number ;Qf paddles for 
its d^iominator^and the pistcm should be at theitermination 
of its stroke, when one of .die pi^ddles is in a v^iical 
position* FiHT, when. (me of the paddles is in a Vertical 
position, as in the wheel A, Fig^ S» the re-acti(m is the 
least, and it is greatei^t when two p^dles areeqijiaUy im« 
mersed, as in the wheel B, at which time the force would 
be acting at right €ingles to the cnmk« 

Having shewn the power that is necessary to k^ep a 
boat in motion in sfiU water, it will be som^ advantage to 
resume the inquiry in the case where it moves in a stream 



or current; and, for that purpose, let v be the velocity of 
the boat, and c the velocity of the current ; a being the 
resistance, when the boat is in niotioa with the velocity u. 

Then the resistance to be overcome to give the boat the 
velocity v, is, when the motion is witli the stream, w : 

(v — cy-.-.a: ^^ -' • 

And, when the boat moves against the stream, as 



:(w+c)' 



,.«(«+«■)' 



Hence, the power in either case is expressed by 



The upper sign to be attended to when the oiotioa is 
with the current, and the lower sign when it is against 
it. When c, the velocity of the current, is nothing, the 
result is the same as before. But the resistance in still 
water is not the mean between the resistances in the direc- 
linn of the current, and against tbe current; consequently, 
the mean rate of a boat, which alternately goes with and 
against a current, must be less than the mean rate in still 



water. The mean resistance i 



""(«'4 



. while the 



t«3»tance in still water is only — p, and the difference 



between these is - 



; a quantity depending t 



I the V 



loqty of the current, and, for any particular case, should 
be calculated from the mean motion of the current. 

When a boat advances with a current, the velocity with 
which the paddles act on the water will be V+ c— u ; 
and when the boat moves against the current, it will be 
V—c—v; consequently, in either direction it is V + c—v; 
and the force of re-action (V + c — r)'. But (he effec- 
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tive resistance of the boat is asV^; c— «:b: : (Vc+— »)■ 
: w (V + c— w) ; and its eflfect in a g-iven time is a tnaxiiatun 
wben V (y+ c — w) is as a maximum, that is, when 

V= — g — ,or whenV= l-r)u4. c. Also, '-—'-' — r. 



When 

same as before, and the 
.. 2V 



neaii between moving^ against and 

with the current is- * =r also; therefore, where the velo- 

3 
city cannot be changed to suit the circumstances, this will 
be the best proportion for all cases. Where the force of a 
current is considerable, it would be extremely desirable to 
have the power of altering the velocity of the wheels ; and 
it is not proper that it should be done by any change in 
the velocity of the steam-piston ; because, whatever change 
is made in its velocity, must a&ect the power of the engine, 
There is no difHculty io adopting such a train of mechanism 
as would produce the alteration of velocity required, and 
yet be as strong and durable as the ordinary combinatioir, 
and not at all expensive, compared with the object to he 
gained by introducing it. It will only be necessary to 
provide for an increase of velocity; for, when the boat 
goes with the stream, the rate of the paddles is already too 
great; whereas, when a boat moves against the current, 
both an increase of velocity of the wheel, and an increase 
of surface of paddle, is necessary, to maintain the mean 
rate. 

I will close this paper with a vjew of the velocity a boat 
may be expected to acquire, when the power is the sane. 
Let P be the power of the engine, then ""(" + "^' ^.p 

Put the ratio of the velocity of the current to the velocity 
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of the boat, as 1 : n ; that is, 1 : n : : t; : c s n v ; whence 
we hare 






Va(l +nyy 



or 



If the boat moye^ iii a current of which the velocity is n 
times the velocity of the boat, then we shall have 



/ / 



Velocity of Current. Velocity of Boat. 

With the stream, 4 miles per hour. 8 miles per hour. 

2-2 6-6 

1-53 612 

Still water, - 0-00 — 6-00 

i Against the stream, 1*08 ■ 4*34 

138 416 

1-92 3-85 

2-38 - — 3-58 

317 3-17 ' 

This Table shews, that a power capable of moving a boat 
at the rate of five miles per hour, in still water, will only 
move it at the rate of a little more than three miles per 
hour against a current of the same velocity as die boat; 
and that the speed of the same boat would be eight miles 
per hour, when moving with a current of which the velo» 
city is four miles per hour. It should be remarked, that 
these calculations suppose the area of the paddles, aiid 
their velocity, to be adjusted to the maxinmm proportions 
in each case; were it otherwise, the velocity with the 
current would be increased, and the velocity against the 
current diminished. . 
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APPENDIX (D). 



MINUTES OF EVIDENCE, 

Before a Select Committee of the House of Commons on 

Steam Packets,. 

- SIR HENRY PARNELL, BART. 

In the Chftir. 

GeOAgtb Henry Freeling, Esq. called in and ex- 
amined. Had the principal inanlEigement of tbe Holyhead 
gteam packets. The Postmasters General having been 
obl%ed to purchase all the sailing packets, and to clear 
die station finr the introduction of those vessels, the objeet 
was, at first, to make the steam aoxiliaiy tp the sailing 
packets, but it was found that the steam packets could do 
even more than die sailing packets, eonsequei^jr two 
sailing yessela were kept as auxiliary to tbe-8te«m.r^flad 
three steam packets employed ; the Royal Sovereign <tf 
210 tons, and the Meteor of 190; the Sovereign is fitted 
with two engines of forty-horse power each, and the 
Metedr with two engpines of thirty-hor^e pow^; they were 
both constructed by Boulton and Watt, add the veiENsekf 
built in the river Thames, by a person' of the name of 
Evans, at Rotherhithe, on purpose for the service, under 
the inspection of the officers of the Navy Board; they 
were built upon Sir Robert Sepping's principle of the 
diagonal fastening, and made particularly strong. The 



tliird IB the Iratihoe, of 165 tons: it was formerly on the 
Holyhead etation as a private vessel, and has an engine 
of fifty-six horse power. The general effect of the ex- 
periment, in regard to maintaining a conununicatioD be- 
tween the two countries, has been, that the intercourse 
has been very much facilitated ; it is now almost reduced 
to a certainty. In the year preceding the introduction of 
the steam vessels, a hundred mails exactly arrived in 
London after they were due, and in the nine months that 
the steam vessels have been running since May last, there 
have been twenty-two only. The weather at the begin- 
ning of the winter, was worse than has been known for 
more than sixty years. Had proof that the steam packets 
would go to sea in weather when sailing packets could 
not have gone to sea ; the captains had always considered 
that it would not be prudent to go to sea, if tliey were 
obliged to be under a three-reefed mainsail, and the steam 
packets bad gone out in weather in which the sailing 
packets would have been obliged to be so. The average 
of the passages of the Sovereign from Howth to Holyhead, 
was six hours and fifty-seven miimtes, and the Meteor 
seven hours and four minutes and a fraction. To Howth, 
the Sovereign seven hours, thirty-six minutes and a 
quarter; the Melfior eight hours and thirteen minutes; 
the shortest passage was from Howth, five hours and 
thirty minutes. The best point for a steam vessel, in very 
bad weather, was directly head to wind; both wheels 
could then act at the same time. The captains sometimes 
kept the vessel away, when it was blowing very strong, 
two or three points ; then, when they got on the opposite 
coast, they would take in their sails, and steam to the 
harbour in smoother water. Conceived that the success 
of these two vessels, the Sovereign and the Meteor, might 
be attributed to the superior manner in which they were 
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constructed. Had attempted to gain some infomiittioif 
about every steam vessel wliicli had been built, and was 
convinced those vessels would do what no otber vessel 
could do ; they would go (o sea in weather when nothing 
else could. Attributed it not only to the machinery, but 
to the weight of the hull ; a lighter vessel in a heavy se» 
would be checked, but those vessels had from their weight 
a momentum so great, that it carried them on when a 
lighter vessel would have been checked; the weight 
acting as a fly-wlieel. — Was of opinion that three packets 
were a sulHcient number for maintaining the commumca- 
tion between Holyhead and Dublin, so that two should 
sail every day. With the view that there might be a 
BufKcient time allowed for lookhig over the machinery 
and the vessels, it was arranged that they should each be, 
six days at sea and three days in harbour, which afforded 
ample time tor inspecting the machinery; and that had 
been fixed in a great measure with reference to the en- 
gineers themselves, who stated that that time was more 
than sufficient for it. — There had been some accidents to 
the eugines, but these liad been attributed to the use of 
cast iron ; the cross bars and the beams were of cast iron, 
and if any water was in the cylinder at starting, the check 
caused the cast irou to break ; had now got them made of 
wrought iron, but the lower beams of the engines were 
still made of cast iron; there must be some part of the 
engine left to give way in case of any emergency, which 
was better than destroying the cylinder. — Believed the 
Postmasters General had some idea of trying whether 
what are called Scotch engines, might not be better for a 
third vessel, in case of one being built; they were more 
simple, though perhaps not quite so efficient, not so liable 
to derangement, and were consequently belter for a heavy 
»ea; and if the vessel was properly built, witness did nut 



think there could be any great ditference in the rate of 
speed. — The boilers in the Holyhead packets were low 
pressure. Believed Mr. Watt was the inventor of the 
original high-pressure engine, but afterwards abandoned 
it on account of the danger.-^No cases of late had hap- 
pened of accident from the bursting of boilers, 

George Henky Freeling, Esq, again called in, and 
further examined, lyisfaed to explain some parts of his 
evidence given in a former day. Did not put any fuel or 
coals over the boiler, which was the cause of the Robert 
Bruce catching iire and being burnt. The coals are 
stowed in iron cases made for the purpose, in the engine 
room. The other point was as to the Ivanhoe. Witness 
was asked whether she was so strong as the other vessels, 
the answer was simply " No." But she was not three 
years old ; she was inspected at Liverpool a short time 
ago, and appeared as strong as any of the steam vessels, 
except those on the Holyhead station. — On Ixiard the 
Royal Sovereign there are twenty births, and two rooms, 
one for ladies and one for gentlemen. 

Captain William Rogers, called in, and examined. 
Commanded one of the Holyhead packets. Had crossed 
in the Meteor on the 5th of February, in the heaviest sea 
witness had seen during the eight years he had been on the 
station. Went in the Meteor on the 5th of February, 
when no sailing packet could carry canvass; they must 
have laid to; left at nine at night, and arrived at six the 
next morning. Was satisfied his steam vessel was capable 
of performing what no sailing vessel could do. Had found 
that a steam vessel was capable of making her passage 
much sooner, under all circumstances, than a sailing ves- 
sel ; ill one-half of the time upon the average. With the 
wind at W.N.W. blowing hard, aud leaving Holyhead in 
-A^ale of wind, witness had found asteam vessel had been 
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much easier than a sailii^ Tessd ; their extreme lei^df 
ova'came the.dHNrt sea.— Iif bailding a afeani boat she 
ought to have a fine entrance and h^ bow to flear '€fff 
hot t6 shove anjr water beware her; any water shie skives 
before Iier must be an impedimeilt to the sailing; she 
should have n fine entrance, a good line of bealingy and 
her transonie pretty square, and not too h^$ the mor^ a 
Fesael w» topped firmn pitching and roDingr. the qaicker 
she would gu« Had found iwith ri^;ard lo the Scotch 
boats that .all th^ transomes were too high and too nar« 
row, the consequence of whicA was, diat with 'il head sea 
they would go with 'their stem under. Had seen them go 
^oat and eviery thing under; the transome being square 
and low and fine under, so as to g^ve them, a r^gjht line of 
bearing, would stop their pitching and rolling, and make 
them easy on the sea^and add to their speeds Tlte IMfeteor 
and the Sovereign were filled up »clid to the jBodiwheadi 
oaiilked inside and out, having no tree nails, b^t bolted 
^ copper nailed. The bolts were driven upon a ring, 
and clenched at both ends. The diagonal fasfening" is a 
plank three inches thick, fore and aft, threie and a half 
thick midships, and nine wide; leadil^ fron^ the floor- 
head to the shelf, taking in five or six timbem; and filled 
by truss ' pieces into triangles, so that it was dbnost 
i^ipossible that the form of the vessel would, alter. 
Wpuld prefer Boulton and Watt's engme to any others 
their boilers were very superior, and nev» shdrt of 
steanu -Boulton and Watt had been accustomed to 
vessels for rivers, and the engines were made rather too 
d^ht for the ch^nel ; the shaft was hollow, and of cai^ 
iron, but they had been replaced by solid shafts. Sails 
assisted the vessel very much; had used themi -every way, 
except going head to wind, within four points of thfe wind. 
Had found the Sovereign go asfast in a calm sis atany ivther 



I^ime. It must not be thoug:ht that a steam boat nioning 

I hekre the wind in a gale and a heavy sea, ougbt to make 

P i(D^ ^I'li*^^^' passage, as they were then oblig'ed to shut off' 

KJlalf the steam, or great part of it| for should the full 

I jtower be od, the wheels running two or three times round 

Without touching any thing between the trough of the sea, 

and then being brought up all at once, something would 

probably give way. Was of opinion, that in the event of 

the engine, failing, with the assistance of sails and the 

anchor, the packet might be kept in perfect safely. 

Captain Williah Rogers, again called in, and further 
examined. On the 16th of May, blowing hard from the 
S, W. 3. p. M. witness left Gravesend on board the So- 
vereign, in company with the Meteor steam packet, with 
seven or eight men on board of each. At nine anchored 
in the Downs, blowing very hard ; she rode very easy 
with thirty-6ve fathom cable in five fathoms water. On 
Thursday, the 18tfa, fresh gales from W.S.W. 5.a.m. 
Weighed anchor and' steamed for Portsmouth ; wind dead 
on end. 4. p. m. made the Owers Light ; ha2y weather. 
9, p. M, very heavy gales and thick weather. Asked the 
engineer what coals he had on board, and was told five 
hours ; were then obliged to steam in for the land. At 
10 made the Nab Light upon the starboard quarter, about 
a quarter of a mile ; shortened steam for the Meteor to 
come up. At 1 1 anchored at S(. Helen's, in six fethoms 
water, with forty fethom cable ; hard gale. On the 19th, 
3. 30. A. M. weighed anchor and ran into Portsmouth 
harbour; made fast to one of the bnoys along-side His 
Majesty's ship the Queen Charlotte; were then employed 
in getting coals in, and very bad they were. At 4. 20. got 
under weigh and steamed out of the harbour, and at 9 
passed through the Needles against a fiood tide. This day 
r*as fine weather, and light airs from the N. W. At I. 30. 



P. X. anchored in Falmouth htebonriand remained a week 
to dean the boilers, to caulk the decka, and so on. Safled 
fimn Falmouth the 26lh, wind N. W. fresh gidea. At 5. 30. 
past the Loi^;8hips Lights. At 9 in a squall, with heavy 
rain, the wind shifted to the N. N. E. blowh^ very heavy 
and a heavy sea, the vessels going* fixxn three knots to 
three and a half, head to wind, blowii^ hard. At 7 
made Lundy Island, bearing E. by S. passed several 
vessels lying to; passed a large smack, lyi^ to, under 
close reefed mainsail. At 8 made sail upon the vessels; 
stood more to the southward into the Bristol du^mel, to 
smoothen the wat^. At noon more moderate; water 
smoother; down all saila and stieamed fiir Mflferd. At 6 
anchored in Milford, found several vessels had been out in 
the gale and obliged to put back ; the vessds that had 
been put back, bound to Liverpool, said diey bad never 
experienced worse weather befi»*e for 'many years. On 
Sunday evening, the wind more moderate, and fran N. 
to N. E. At 8 p. M. got undar weig^ On Monday, at 4 
p. M. arrived at Holyhead. Had been five days pfenn- 
ing the voyage, with the wind right a-head down the 
English Channel and up the Lrish. — Considered it im- 
possible for any square-rigged vessel, firom a first-rate 
down to a sloop of war, to have effected the same. In the 
Downs passed several Indiamen, and 150 sail there that 
ccmld not move down Channel, and at the back of Dun- 
geness passed 120 more. Witness would desMnribe to the 
ccmunittee the exact improvement he would- recoonmend 
as to the construction of a new steam vessel. — Should 
maike her a foot narrower, and raise her floor-head as little, 
take off* the roundings, with her engines put nearer the 
centre, the boilers much lower, and the wheels narrower. 
Had observed in vessels with wide wheels,' the lee wheel 
was a great deal under the water, and the other out; by 



^e width of them it increased the angle; and althoug^h a 
♦ide wheel was of great advantage in a river, it was a 
g^reat disadvantage in a sea; supposing there were two 
ftrty-horse power engines, would not have more than a 
■even-feet wheel; and if there were two thirty-horse 
power, six and a half would be sutBcienl. On board the 
Meteor and Sovereign, to prevent accidents from fire, there 
1 water all round the furnaces and boilers, and they are 
kept three feet &om the bottom, abont fifteen inches from 
fte side, and twelve inches from the deck ; and it was 
Cpiite impossible that any accident could happen ; there is 
Irater under and on the sides of the fire places : in those 
boats that are fitted up upon the Clyde there is nothing 
fcut brick and mortar below the furnaces. The Meteor 
and Sovereign have iron. 

Captain William Rogers, again called in, and further 
examined. In the event of building a new steam parket, 
would recommend that she should be built on Sir Robert 
Sepping's plan, as (o mode of fastening. Sec. only a little 
finer at each end, and one foot narrower than the Sovereign 
Bad Meteor, to be 95 feet in the keel, 105 or 106 upon 
Aeck, and 19 feet in the beam, abont 180 tons, her tran- 
\omeB square, and not very high out of the water The 
'fcnprovemenfs in the engine would be to make them a little 

ronger, and the boilers a little longer, keeping them 
iHore from the side of the vessel, so that the heat might 
not affect her, and more room to go round them, and to 
put the boilers lower down. It would help to prevent 
'Mieir rolling. The Talbot's boilers are a little higher than 
Hhe Ivanhoe's ; by putting the Ivanhoe's lower down, 
"found she did not roll near as much. Would have the 
n(wo main beams put close to the wheel, wliich would re- 
duce the weight very much, and strengthen and make tlie 
^Vessel much easier, as by being so far asunder adds great 
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w^ht, aftid aets te a Itret. There shoidd be 'twelve 
peddles, ebpiit sev^ feet long, and nineteen to twenty-cNUe 
indies wide. The ^igpne should be somethi^ betweai 
sixty and eighty-horse power, but this must depend upon 
die fitieness of the vessel, and the water she will draw. If 
lii^ 4igin# was to be made itiuch stnmger, in thi^ ca^e 
vust not go fiirther than two thirty-hoise powier engines, 
as then the we%ht might be too much. Should reeonW 
mend, with r^fatd to the sails, a laige lug forward, and a 
jib, imd a fore and aft mainsail; and in case any this^ 
should happen to the eng^e, would keep a square topsail 
on board, and a gaff t(q;isail aft, but not to be used except 
in ease of necessity. 

Mr. Jambs Brown, called in, and examined. Belonged 
to the house of Boulton and WvM* Superintended the 
erection of the engines on board the Meteor and Severe^ 
i|team packets. Generally considered the wcnrkJbg jparti^ 
Ae cross bars, the side rods, and the side beams most 
liable to feil. Attributed the cross bars having brpk^i on 
board these Tessels, in some instances, to want of caution 
on the part of the ei^ineer, and in other cases from stress 
of weather; they were now made of wrought iron for 'sea 
vesselsi. Had put. engines into most of the vessels on the 
river Thames, the Doyer station, and Leith. Upon the 
Leith station One or two cross bars had broken, and that 
was entirely from Want of cauticm on the part of the engi- 
neer in starting the engine; the other yessels w^ie the 
Pash^ and Arrow, on the Dover station ; there was one 
accident of a cross bar breakii^ in the Dasher. Did not 
conceive that an ^agine could be made without being 
liable to break ; there were some, parts so small that they 
must give way, and it was better the most insignificant 
parts diould fail, than some of the principal oii^s, because 
diey were easiibr repaired^ Would require more room, than 
was granted in the Sovereign and Meteor, as it would be 



fcdter to g«t round the boilers entirely ; tliey could then 
•%e painted every moDth, which would be a great ad- 
Vtoitage, for the action of the salt water is very detrimental 
vb the iron ; they ought to be painted every three weeks, 
41" every month; where a boiler will not leak with fresh 
'prater, it will with salt water ; and it forms an incrusta- 
tion upon the surface by exposure to tlie atmosphere ; they 
diould be pumped out, and frequently cleaned. Should 
tbink the engineft* generally looked over his engine every 
Aorning before he started, to see that every part was pro- 
(lerly oiled, and that every screw and joint was tight. If 
MD inspected, once a fortnight would be sufficient to exa- 
Wane the packings of the slides and pistons. Would make 
fte paddles for a new engine the same as for the Leith ves- 
sels; they are made with wooden floats, in one piece, hav- 
ing three sets of arms, and the bolts are of a peculiar des- 
cription, which allows the paddles to slip from the outer 
end of the arm towards the centre of the shaft, by which 
means a vessel may use her sails the same as any other ves- 
sel ; should any thing give way, there would be nothing 
but the arms in the water. That sort of excessive violence 
which may contribute to injure and break the engine, may 
be occasioned by any of the working parts getting loose, 
any of the screws getting between the finer parts, or the 
water getting upon the top of the piston in starting the 
engine, the latter of which is occasioned by the condensed 
steam that fonus from the boilers aAer the passage is over ; 
it gets through the steam pipe to the cylinder and con- 
denses there, perhaps to the depth of IH inches on the top 
of the piston, and if the engine is started suddenly without 
it being cleared away, it has not time to get through the 
thoroughfares. The consequence is, that it is jammed 
between the top of the piston and the under side of the 
cylinder cover, and risks the breakage of some part; as 
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ifTtttte wil not icomptemj someCliiiig .must give :way,.|aid 
Ae weaker parts of oonrse will go.fimC Hardly thragfat 
itpoBsible that fire could take place without great Dili- 
gence, because the furnaces were completely surrounded 
With five inches of water round every par^ and it was <Mily 
in raking out the fire, and, n^lecting to water it, that any 
accident could take place ; it was raked put upon an iron 
floor. No rolling of the vessel could throw the fire about, 
she must be pitching to a great degree if that was to take 
place. The coals are carried in boxes in firont of the 
bbileis, 80 as to be right and left for the fireraaii. Hardly 
conceived on board thiese vessds, where condensing engines 
wane used, that it was possible that a boiler could burst; 
(hey were generally provided with two safety-valves, and 
(he steam used was about from two and a half to three 
poiinds pressure upon a square inch, at which pressure k 
blew off* by the safety-valve of its own accord. — Boiilton 
and Watt had made their safety-valves for many years in 
the way they now are, inaccessible for any parson to load 
them by putting additional weight upon them.; had se^ 
the Scotch engine men, ii| starting their ^^gines, place 
their feet upon the safety-valve. Supposing that the 
safety-valves should get choked, the steain would ccnne off 
at the feed pipes ; it would not give way under any cir- 
cumstance, pot even though the valves were choked, the 
pressure was so extremely small : the boilers ware ,calcu- 
kted to sustain 50 times the pressure required of than.*— If 
any part of the boiler, by length of use, became very thin, 
and gave way, it would merely rend, if malleable iron. 
The accidents that happened from boilers, sometime ago, 
arose from their being made on the high-pressure princi- 
ple, and being made of cast iron. The Meteor . consumed 
about seven bushels of coals per hour, rather under ; she 
was then working above her full speed; the Sovereign was 



( 



from nine and a quarter to nine and a half; the Meteor 
jiad two thirty-horse engines, and the Sovereign two forty- 
^rse engines ; the latter, when using that quantity of coal, 
was going about nine miles and three-quarters per hour. 
A bushel of good Newcastle coal was reckoned equal to 
one hundred weight of Scotch coal ; so that it came to 
xery nearly the same thing; the Scotch coal generally 
burnt very free, and so did the Staffordshire, but the 
bushel of Newcastle coal was equal to a hundred weight 
"of either. The standard bushel of Newcastle coals should 
weigh eighty-eight pounds ; the best Wall's End, eighty ; 
and the Wylam, seventy-seven. Had found, that by 
actual weight, the specific gravity of the Wylam coal was 
much under that of the Wall's End ; the latter was not 
good for working engines. The best coal for steam en- 
gines was the Halbeath or Inverkeithing, from a place in 
Fife called Inverkeithing ; its peculiar value lay in burn- 
ing free, and becoming a complete white ash, without 
,caking upon the fire bars; the sulphur in coals would 
destroy the fire bars in a short time. Had found incon- 
venience from salt forming in the boilers; when the man- 
hole coyer was taken off, and they were exposed to the 
atmosphere, the water then became crystallized, whicb 
rendered them very dtfiicult to clean; this had been 
^voided by constructing pumps or cocks to let the water 
through the side of the ship without the man-hole being 
opened. The salt water oxidates iron very rapidly in- 
deed, if it be allowed to lie upon it. On board a steam 
vessel a boiler constantly in use would last from four to 
five years with care ; it was the only part of the machinery 
subject to decay. These engines, upon the whole, require 
a considerable degree of care and superintendence, and 
skilful engineers ; more care than the land engines : every 
[l engine requires great care. 




wind and tide. TkpttddBes Here c^MtMtke centre, 
Bbd been Iijm|^ «b experineBl widk twj f wi poddies oil a 
wliedy and it —liiml Yery wdl; hot raiHBeriiainrked 
widi lixteeB paddlcB^ three feet and m Utf between cofeh* 
The p ad dle rf the l^ictory was &r^ feet and a half, in one 
place; the Hero worked more with the paddles being 
fbrdier apart, and they were lowered a littk^ Tliey take 
bold of the water abont aeveirfeen er eightete ^iGfa»a^ and 
the engine nudnes thirty strides per mnote. She onoe did 
pp to thirty-one, bot twenty-niMB and thirty ia dboot the 
fiyerage«i — ^The poange firom London to Maigate' required, 
on an ayerage, about seven hoors and a hal( and they 
went at die rate of betwe^i eleyen and twdve inSIes per 
hoar. 



REPORT. 

The Select Committee appointed to inquire into the state of the 
roads from London to Holyhead^ and from Chesteir to Holy- 



"iheatl; into the regtilations for conveying- his Majesty's Mail 

r. between London and Dublin, and between tlie Northern Parts 

I ,|| of England and Dublin, and between Dublin and the interior 

of Ireland; nud into the state of the Mail Coach Roads, in 

Ireland; and to report iheir observations Iherenpon; together 
I' with the Mknutes of the Evidence taken before them, ftom 
* time to time, to the House; — haTe, pursuant to the order of 

thi; House, furtlier examined tlie Matters to Ihem referred, 

and have agreed to the following Report : 

YotiR Committee have proceeded, in compliance with 
that part of the instructionii of the House, which relates to 
the conveyance of his Majeaty'a Maik between Holyhead 
and Howth, to examine into the circumstances attending 
the establishing of Steam Packets at Holyhead, in the 
course of last year. For this purpose two vessels, called 
the Royal Sovereign and Meteor, were built, by order of 
the Postmasters General, in the River Thames, on a plan 
to give to them the greatest possible strength, and the 
advantage of the most improved engines. The evidence 
which has been giveu to your Committee by a Commander 
of one of them, Captain Rogert^, leaves no doubt of the 
practicability of performing the Post-office service at 
Holyhead, by Steam Vessels, with as great safety as it 
can be performed by Sailing Vessels, even in the most 
tempestuous weather ; and at the same time by voyages, 
on an average not exceeding one-half of the number of 
hours which formerly was the average of the voyages of 
the Sailing Packets. But your Committee are not as yet 
prepared to enter into all the details of this important sub- 
ject ; their object in presenting this Report to the House, 
is merely to convey to the House an opinion they have 
come to, in consequence of the evidence of Mr. George 
Heury Freeling, and of Captain Rogers, that the Post- 
masters General ought immediately to give orders for 
building a new Steam Packet, so that at least there should 
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h^ three Packets dn the Holyhead Station, before the 
conuBenoenieiit of the next winter, of that peculiar con- 
struction which has ^labled the Sovereign and Meteor to 
go to sea throughout the whole of the last winter. 

Your Committee strongly reconunend the same general 
plan of construction should be adopted in building a new 
Packet, as that on which the Sovereign and Meteor were 
built; and also, that the ei^ine should be made by 
Messrs, Boulton and Watt, They also recwunend that 
the suggestions of Captain Rogers should be attended to 
in all nmtters respecting the building of a new Packet, as 
those suggestions will come from a person who appears to 
your Committee to possess great knowledge in seaman- 
ship and ship-building, and by the experience of com** 
manding a steam vessel through a most tempestuous 
winter, to have nmde himself master of the best method 
of managing one at sea, and also of all the main properties 
of the mechanism of the engine. 

Your Committee have annexed to this Report the evi- 
dence of Mr, George Henry Freeling, Captain Rogers, 
Mr. J. Brown, and Captain John Percy, and also certain 
Queries which they have sent to several persons wha have 
had the most experience in constructing and navigating 
steam vessels. They intend to continue their inquiries 
upon this interesting subject, and hope to present to the 
House a full Report upcm all its details before the close of 
the Session, 

Apra2,l822, 



To ascertain the ToDnage of Vessels propelled by Steam. 
59th Geo. 3. Cap. 6. Be it therefore enacted, &c. that 
Fdie rule for admeasuring ships or vessels to be propelled 
by steam, sball be as follows; that is to say, the length 
Fahall be taken on a straight line along the rabbet of the 
I keel of the ship, from the back of the main stern-post to a 
L perpendicular line from the forepart of the main stem un- 
r 4er the bowsprit, from which, deducting the length of the 
' engine-room, and subtracting three-fifths of the breadth, 
the remainder shall be esteemed the just length of the 
keel to find the tonnage. And the breadth shall be taken 
from the outside of the outside plank in the broadest place 
of the ship or vessel, be it either above or below the main 
wales, exclusive of all manner of doubling planks that 
may be wrought upon the sides of the ship or vessel; 
then multiplying the length of the keel by the breadth so 
taken, and that product by half the breadth, and dividing 
the whole by ninety-four, the quotient shall be deemed 
the time contents of the tonoage, according to which rulo 
the tonnage of all such ships and vessels shall be mea- 
sured and ascertained ; any thing in any act or acts to 
the contrary notwithstanding; provided always, that it 
shall not be lawful to stow or place any goods (fuel for 
the voyage excepted) in the said engine-room; and if any 
goods shall be so stowed or placed, such ship or vessel 
shall from thenceforth be deemed and taken fo be a ship 
or vessel which has not been admeasured according to 
the rules of this Act, and liable to all the consequences 
thereof. 



APPENDIX (E), 



Ch/tanological Catalogue of Worki descriptive of tke 

Sieam Engine. 

BRANCAS. Le Machine, folio. Roma, 1629 

Bfarquis of Worcester's Cenftiry of Inveiitioiis, 
12too. London, 1663, 1746; Qlasgovb, 1767; 
Lmdffn 1786, 1813, 1825.* 
Papin. Recueil de Pieces, 8vo. Cas$kl, 1695 

Savery. The Miner's Friend, 8vo. London, ' 1708 

Isaac de C^|as« Nei^ InFcntion of Water Works, 

London, 1704 
Ars nova ad^qnam Ignis adminiculo efficacissime 

eleyandnm, Cassel, 1707 

John Allen. Narrative of several New Inventions 
and Experiments, particularly the navigating a 
Ship in a Calm, and Iihprovements on the En- 
gine to raise Water by Fire, 8vo. London^ 1730 
Voyage de La Motraye, en Emrope, Asie, et Afrique, 

f6li6, 3 vol. (See voK iii. p. 360.) LaHaye, 1732 
Hull's P^cription of a new invented Machine for 
carrying Yiessels or^ Ships out of, or into any 

I 

Harbour, Port or River, against Wind and Tide, 
12mo. London, 1737 

Desagulier's Course of Experimental Philosophy, 
4to. London, 1763 

* This edition contains a Series of Notes illustrative of the Marquis's 
inventions, to which is prefixed a life of the noble author. 
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1 


Blakey sur les Pumpes a Feu, 4ti>. AmBterdam, 


1774 1 


Falck's Description of an Improved Steam Engine, 


1 


Sco. London. 


1776 I 


Leupold Theatrum Machinarum Generale, folio, 


M 


Lipt. 


1780 I 




Bossut. Traite Th^orique et Experimental d' Hy- 


■ 


drodynamique, 8vo. 2 vol. Paru, 1786-7 | 


Senphin de Mon Copi, (Euvres de. 


1787 .■ 


Prony. Nouvelfe Architecture Hydraulique, 4w. 


1 


Pari*, 1790-6 | 


Boulton and Watt's Directions for Erecting their 




HAur iniTAntAfl tt^Aom ITn/viiktf^ Bim 




new mpented ateam Cingme, cvo. 
Short Statement of Boulton and Watt, in Opposi- 




tion to Homblower's Renewal of Patent, 8vo. 




London, 


1702 


Blakey, A short Historical Account of the Inven- 




tion, Theory, and Practice of Fire Machinery ; or 




Introductioa to the Art of makings Machines, 




vulgarly called Steam Engines, 8vo. London, 


1793 


Langadorf. Lehrbuch der Hydraulik, 4to. Allenb. 


1794 ' 


Smeaton's Reports, 4to. London, 


1797 


Curr's Coal-ViewDT, and Engine Builder, 4to. 


. 


Sheffield, 


1797 


WaHcer's System of Philosophy, 4to. 


1799 


Nieuwe Verhandelingen van het Batasseh Genoots- 




chap, Rotterdam, 


1803 


Walker on Draining Land by the Steam Engine, 




8vo. London, 


1813 


Buchanan on Propelling Vessels by Steam, 8vo. 




Glasgow, 


1816 


Dodd on Steam Packets, 8vo. London, 


1818 


Stuart's History of the Steam Engint, 8vo. 


1824 


Rees's Cyclopcedia, Art. Steam Engine. 


i 


k 


.J 



J 

Philosophical TttANftAcrioKs^ 

Papin's Eng^e, yoI. xix. p. 481. 1697 

^yery's Steam Engine, yoL xxi. p. 228. 1699 
Payne's new Inyention of expentiing Fluids^ voL xli* 

p*821. 1741 
fihke on Steam Engine Cylinders, vol. xlm p* 

197. 1751 
Smeaton en De Mount's Improyements on Saveiy's 

.Engine, yoL xlyii. p. ^6^ 1751 
Fitzgerald on increasing Steam by Ventilation, 

vol. L 68, 870. 1757 

« 

HiSTOIRE DE L' ACADEMIE ROYALB 1>B8 SCIENCES* 

Amonton^s Fire Wheel, p. 101. 1699 
Dupuy's Steam Engine, with De Moura's Improye- 

ments, p. 111. 1740 

Gensanne^s Engine, p. 60. 1744 

Layoisier on the Expense of Steam Engines, p. 63. 1771 

Machines et Inventions approuvees par 

L' Academie. 

Mey and Meyer's Engine, yol. iv. p. 185. 1720 

Bosfraad's Steam Engine, vol. iv. p. 191—199. 1720 

Gensanne's Engine, yol. yii. p. 222. 1734 
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^IR-punip, for steam engines, deecriptioo of^ 123, , 

Akohol, Taponr Qf, its use 99 9 substitute for stcam^ 31. 

America, tbe atmospheric engine first employed jn^ 39 ; Mr. Tr^^ithick <^n- 

stmcts steam engine for Sootby 41; Mr. Fatten introdaces tbe steam 

boat in, 50. 
Amontons, fire-wbeel invented by, 20. 
Atmospberic Engine, suggested by Papin, 12; applied to tbe draining of 

mines by Newcomen, 17 ; ingenious mode of illustrating the operations of, 

18 ; H. Beighton's improremente^ 19 ; first employed in North America, 39 f 

description of, 145. 

Barometer-gauge, 124. 

Barton's, Mr. piston, 121. 

Beighton, H* improvements on tbe aUdospheric steam-engine, 19. 

Bell-crank Engine, constructed by BonUon and Watt, 38. 

Blenkinsop, Mr. oonstructe an iron rail-road for locomotive engines, 42. 

Boaz, Mr. James, tbe steam engine of, 15. 

Boiler, employed by Brindley, 134. ; Savery, ibid; Marquis of Worcester, 
ibid.; Newcomen, ibid.; wooden boilers introduced by Messrs. Andersoii 
and Livington, 135 ; Boulton and Watt, 135 ; Woolf, 136 ; Trevithick, ibid. 

Braitbwaite, Mr. evidence upon steam navigation by, 82. 

Bramah, Mr. evidence upon steam navigation by, 70. 

Brancas, suggestion for a high-pressure steam-engine by, 6. 

Bridges, portable steam-engines now employed in tbe erection of, 33. 

Brown, Mr. on tbe construction of a gas engine by, 14. 

Brunton, Mr. evidence upon steam navigation by, 89 ; improved mode of 
consuming smoke, 170. 

Buchanan's, Mr. calculation of tbe expense of a steam-boat on the Clyde na- 
vigation, 60. 

Caloric, the principle of the high-pressure steam-engine depends on fhe power 
of «team to expand iteelf by the addition of a given portion of, 33« 

Carriages, portable steam-engines employed for propelling^ 33. 

Cartwright, Mr. su^esls tbe employment of vapour of alcohol as a substitute 
for steam, 31. 

Century of inventions^ ndTice of the steam engine to be found in, 7. 

Chapman, Mr. eridence upon steam navigation by, 75. 
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Patents for steam engine, App. (A) A4aaa^ 223 i AUMsney, 234 ; Alesrce,' 
238; Anderson, 199 ; Arcbbold, 220 $ Afnot,23$) JUruf^20j^i Bajto9» 
227, 234; Bates, 235; Batley, 192; Beaver an4 ^. SS29; 0«HUHS6cW 
and Beale, 236 : Qeonet 235 ; fiUlingtiey, 20U 2^8 » Bw» and Co. 236 1 
Bitbop, 196; Blakey, 184^ Blandel, ;194 ; Boaa, 211; Bvdley, 230; 
Booker, 220; Bourne, Chambers and Gould, 217; Bower #i|d Blaqdj 
237; Bradley, 218; BramahandDickinsom 191; Bramabi I99.| Brindlty, 

, 184; Branel,236; Brunton, 233, 234 ; Broderip, 225, 227, 23$ ; Brodie, 
211; Burns, 194; BurnsUU and Hill, 238, Cartar,234; Cartwcigbt, 192» 
197 ; Cbapmao, 223, 226; Churd», 232; Clark, 236; Clegg, 220, Clerk* 
223; Close, 192; Cocbrane and Oallowayy 233^ Cock, 2^; Coe, 215; 
Congrere, 232, 236; Cooke, ^94; C^wd^i^ an^ Pftrtcidg?, 21i9i Craigjf, 
223 ; Creighton, 233 ; Cutter, 229 ; Dawes, 229 ; Deakin, 225 ; Delap, 
196,235; Deverell, 212; Devey, 19^7, 235} Picksoo, 235; 0o«kscf» 
228 ; Dodd, 216, 216, 218 ; Dodd and Stepbensoo, 229 ; Dowkin, 208;. 
230 ; Dunkin, 227 ; Earl of Stanbope, 200 ; Earle, 210 ; Eckbardt, 196 ; 
Edwards, 204 ; Egells, 235 ; Englisb, 220 ; Fessenmeyer, 219 ;. Fisbar and 
Horton, 237; Flint, 214 3 Foreman, 237; Fox and Lean, 225 ; Fraser, 
232 ; Freemantle, 202 ; Fnrnival and Smitb, 237 ; Gilmao ao4 Sowerby,, 
238 ; Gilpin, 225 ; Gladstone, 236 ; Glazebsook, 200 ; Good, 22^ ; Gregsom 
231; GrelUer, 220; Griffitb, 235; Grove, 193; Gurnay, 21^; Uagu^ 
^4 ; Haliburton, 233 ; Hall, 237 ; Base, 198 i HiggMU, 20%i it^mvm^ 
226; Hornblower, 188, 193, 208; Hull, 184; Houlnwoirtbr 229; Ikin, 
239; James, 225, 238; Joboson, 220, 237; Jooei aqd. PUmley, 232; 
Justice, 223 ; Killey, 227 ; King^ 233 ; Uvb, 217 ; Uoe, 219 ; ]>acb, 
202,236; Lester^217; Lewis, 202; Lipnakar,21d; Uoyd, 192l'LqgaB,225i 
London, 236 ; Losb, 228,230 ; Main waring, 231 ; Mallam, 232 ; Mc.Naugh- 
ton, 216; Manby, 236; Marquis de Cbabannef, 196, 22», 233; M«rtini202; 
Masterman, 235; Maudslay, 218; Maudslay and Fiel4»238i Mead 219; 
Medburst, 200 ; Miers, 225; Miller, 214, 218 ; Moore, 234, 338 ; Moult, 
229, 231, 233; Munro, 231 ; Munts,230; Murdock, 195; MurmiF,. 194» 
198, 200 ; Murray and And^rsQU 220 ; Neville, 230 ; N«w«ofimi and Caw^ 
ley, 184; NicboUon,217; Noble, 220, 227 ; Qldbi^i9| 231, 234 ; Qabomri, 
231 ; Parkinson, 202; Parkes, 234 ; Penoeck, 235; Perkins^ 23^, 237 ; Par^ 
kins and Martineau, 237 ; Pollock, 218 ; Pontifex, 233 ; Foo^, 231 ; Frice, 
218 ; Pritcbard, 234 ; Queiros, 193 ; BaOdata, 238 ; Rappa),.193 ; BMbwk, 
227 ; Rayley, 193 ; Rider, 207, 234 j Robeilwn, 197 ; Robins, 218 i Ka- 
gers, 230; Routledge, 232; Rowntree, 193; Sadler, 19 U SainW 201; 
Savery, 183; Scantlebury, 220 ; ScoU,.231 ; Seaward, 233; Sharper 290v 
Slater, 228; Smitb, 218, 236 ; Steed, 189^; Steele. 226; Stain, 235 ; 3t«a* 
son, 230 ; Stephen, 204 ; Stephenson, 236 ; Stevens, 210 ; Stawarty 187 ; 
Stirling, 230 ; Stratton, 200, 231 ; Street, 191 ; Strong, 192 ; Sutherland, 
226, 227; Symington. 199; Taylor, 230, 233, 237; T^iar, 239; 
Thompson, 191 ; Thompson and Bvr, 239 ; Tillock, 238 ; Ti9d»U, 227 ; 
Trevitbick, 228 ; Trevithick and Vivian, 200 ; Trojitaf , 2U, 225 4 Twmrt 
230; Wakefild, 234; Wasbborougb, 187; Watt, 18$, 189,. 190,iWd»i 
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Wlvii*, 2^7; WigillMi, 237^^ WUm^ 199, SOS,, 2M>. 21^; WiUiUuoD^ 
194 ; Witty, 221,^23,; 2^ ; WqqI^ ?<», 20&^2|l, 229^$ Toiyq^ 2<Kli. 

Paddle-wl|^l«i Mr* HitUf proppftf tbt, fmp^i^^qt o^ 47. 

Papin, Dr. describet » aio^^ o| T^jit^ivn^i; by th^ ngi^iK^of >t«|UD^l]i> 
description of an atmospheric engine by, 12 ^ tupcp^i^ ^fixy's if^^mH 1^^ 

Parallel motion, construction of, 125. 

Parkes, Mr. smoke consuming Ap^ajfiatmby^ 17.0,; eTi4ew^ in, hvwvr 9^,241^, 

Piston, descriptifn of, U8f imif^ov^ ^, Wo9lf„^20$ expapd^mnUd,: b^ 
Cartwright, 120 ; Mr. Barton's 121 ; Mr. Murray's improvements in the 
interior surface of the cylinder in ^hi^li the piston werks, 122. 

Plug-frame, its application, 29. 

Pontifex, Savery's engine improoped by> 142b 

Portable high- pressure engine, descriptien of, 179w 

BBrtable stean^-eogioe emntnieleil by Mfe>..8BieailO0, S2. 

Rail- road, Mr. Blenkinsop constructs on^ £9r locimiyotjive enginesy 42. 
Report ofCommit^tee Qpon steam pavigpOaqp^ 98 j upon stea^engio^aiMl 

furnaces, 240. 
Richter, Mr. evidence upon 9tean^ paTiiJ^tipp. by» 87. 
Roberton's, Mr. consuming smoke, and increasing bt^i 16^^ 
Rogers, Capt. evidence by, 168. 
Rotatory engine, suggested by Kempel> fte. 37 1 improved by Mastennan, 

164 ; patents for, 187, 190, 193, 19», 202^ 217, 2JI9^ 234. 

Sadler, ^r. patent for a* rotatory: engine, 37. 

Safety-valve, its use, 138. 

Savery, Captain obtains a patent for a new mpde of raisinjg; water, 12 j. steam, 
engine by, 12. 

Sheffield, Mr. air-conductors, 173. 

Single-acting engine, description o^.l4B. 

Smeaton, Mr. portable steam-engine constructed by, 32. 

Smoke, frpm steam-engine furnaces, mode ef consuming, 167, 168, 169. 

Sobo, described by Dr. Parwin, 28. , 

Sovereign steam packet, 103. 

Stanhope, Lord, a very ingenious apparatus invented by, 51. 

Steam boat constructed by the Marquis de Jouffiroy at Lyons, 50 ; defcriptioQ. 
of one constructed by Mr. Symingion^ 51 ; Mr. Maudslay's construction of 
a large engine for a, 57 ; Mr. fiuchanan's calculation of the expense of one 
on the Clyde navigation, 60 ; explosion at Norwich, 63. 

Steam carriage employed at Wylam Colliery, Newcastle, description of, 177. 

Steam-gauge, 124. 

Steam navigation, first suggested by Mr. Hulls, 46 ; attempted by Doquet, 
and the Marquis de JouiFroy, 49 ; Mr. Linnaker obtains a patent for im- 
provements in, 53 ; imporvement in, by Dickson, 56. 

Steam navigation, witnesses examined by Committee of Hpuse of Commons, 
62— 102 3 Braithwaite, 82; Bramab>,70|f Bronloo, 89; Chapman, 75; 
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. CoUiogt, 73; IMmkio, 6^ ; Dodd, 84, 91, 9T\ Gdloway, 79 ; Hall, 82; 
Hurt, 66; Jetsop, 91 ; Leao, 97; Legtcr, 98; Bfaodslay; 78; Nimmo, 
92; Riditer, 87; Steel, 89; Taylor, 70, 76; TiUocb, 83; Vman, 94; 
Wooir, 93; Wright, 86; Treelmg, 102; Rog«n, 168; Brown, 113. 

StouD, phetoomena eonnected with the fonnation of, 2, 3, 4. 

StMMkpipet, detcriptioa of, 138. 

Staam wheel invented by Deslandet, 20. 

Sted, Mr. eiridence upon steam navigation by, 89 

Symington, Mr. detcription of a steam-boat constracted by, 51* 

Taylor, Mr. eridence npon steam nai^galion by, 70, 76, 

Throttle-Talre, its use, 132. 

TiUocb, Mr. evidence upon steam navigation by, 83. 

Trenchard, Mr. Secretary, queries of, 48. 

Trevithick, Mr. constmcts steam engines for Sonth America, 41 ; iteeplAop vf 

at Lima, 41. 
Trevithick, Messrs. high-pressure engine, 34, 155. j 

IVedgold, Mr. his important calcnhitions for the constrndioQ of iteam boats, 

263. 
Trinidad, Mr. Lvshington introduces the steam engine at, 40. 
Troke employed in a rotatory engine, 163. 

Uxe, Dr. experiments concerning the elastic force of steam by, 2'; tnggests the 
employment of vaponr of alcohol as a substitnte for steam, .31. 

Vetsek, portable steam-engines employed for propelling, 33. 
Vivian, Mr. evidence upon steam navigation by, 94. 

Watt, Mr. James, outline of bis improvements on the steam engine, 24 ; 

donble-actiii^ engine, 29 ; expansion engine, 29 ; consuming smoke and 

increasing heat, 168. 
Witty, improved rotatory engine by, 221, 223. 
Woolf, Mr. temperature and expansive force of steam by, 34 ; evidence upon 

steam navigation by, 93 ; his double-cylinder engine described, 157. 
Worcester, Marquis of, one of the first who suggested the use of steam as a 

prime mover, 7, 8, 9, 
Working Beam, 125. 
Wright, Mr. evidence upon steam navigation by, 86. 
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